
DECLARATION OF PAUL POLAKIS, Ph.D. 
Paul Polakis, Ph.D., declare and say as follows: 

1 . I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2 I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genenteeh's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells; 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genenteeh's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 

-significantly togher levelsthan-in eore^ 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 1 
cells analyzed. 

5 . From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 
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expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 1 8 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



Dated: 5/n/oY 




Paul Polakis, Ph.D. 
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Sin 

1, Audrey D. Goddard, PhD. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001, 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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Serial No,: * 
Filed: * 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PCR 
Methods AroL 4:357-362 (1995) (Exhibit C> and Heid et al, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica etal, Proc. 
Natl. Acad. Sci. USA 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et al, Nature 
396(6712):699-703 (1998) (Exhibit F) and Bieche et al. Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 

. receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i;e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown * 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. f declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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San Francisco, CA, 94131 

415.841.9154 
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PROFESSIONAL EXPERIENCE 

Gerientech, Inc. 1993-present 
South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow f associate 
scientist senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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entech, Inc. 
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outh San Francisco, CA, 94080 
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1993 - 1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocyte leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons, Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ f USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 



Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 



2000 
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PATENTS 

Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N f Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25,2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same; 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351 . Date of Patent: 
Feb. 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q f Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S f Xie, M-H Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K t 
Yansura DG t Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD f Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 1 35-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1 . Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (lL)-22 f a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. ScL USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ t Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stbne D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 1 1 : 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10 t a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM f Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Helden? S, Schow P, Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J f Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ t Wood Wl, Gumey AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taney hill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 16(7): 677-681 . 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1 997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-1. Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A, Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vahdlen R, Simmons L, Gu Q, 
Hongo JA, Devaux B, Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 71 7-21 . 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB. Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. Sci. USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 1 42: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp. 187-21 5. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N. 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad. Sci. USA 93: 71 08-71 1 3. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ, Wong SC, Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras I. (1 995) Cloning of AL-1 . a ligand for ah Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981. 

Bennett BD, Zeigler FC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. 



Audrey D. Goddard, Ph.D page 8 of 9 



Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesundheit N, Rundle AC, Wells 
JA, Carlsson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl. J. Med, 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dube I, Winfield DA, 
Kingston J, Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Sr. J. Haematol. 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X, Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell. Genet 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374. 

Solomon E, Borrow J arid Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254: 1153-1160. 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet Cell. Genet 56: 165-168. 

Borrow J ( Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genomics 1 0: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet. 46: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest. 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL. (1989) 
Germline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. Nature 340: 312-314. 

Gallie BL, Dunn JM, Goddard A, Becker A and Phillips RA. (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Biology of Th e Eve: Genes. Vision and 
Ocular Disease . UCLA Symposia on Molecular and Cellular Biology, New Series, Volume 88. 
J. Piatigorsky, T. Shinohara and P.S. Zelenka, Eds. Alan R. Liss, Inc., New York, 1988, pp. 
427-436. 

Goddard AD, Balakier H, Canton M, Dunn J, Squire J, Reyes E, Becker A, Phillips RA and 
Gallie BL. (1988) Infrequent genomic rearrangement and normal expression of the putative 
RB1 gene in retinoblastoma tumors. Mol. Cell. Biol. 8: 2082-2088. 

Squire J, Dunn J, Goddard A, Hoffman T, Musarella M, Willard HF, Becker AJ, Gallie BL and 
Phillips RA. (1986) Cloning of the esterase D gene: A polymorphic gene probe closely linked 
to the retinoblastoma locus on chromosome 13. Proc. Natl. Acad. Sci. USA 83: 6573-6577. 
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induction by the retinoblastoma mutation is independent of N-myc expression. Nature 322: 
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Goddard AD, Heddle JA, Gallie BL and Phillips RA. (1985) Radiation sensitivity of fibroblasts 
of bilateral retinoblastoma patients as determined by micronucleus induction in vitro. Mutation 
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We have enhanced the polymerase chain 
reaction (PCR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a PCR* Since the fluorescence of 
EtBr increases in the presence of double* 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be e&sily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring; high sample through- 
put 

Although the potential benefit* of PCR 1 to.cUo- 
teal diagnostics arc well known 2 - 5 , it i$ still not 
widely used ijc* this setting, even though it is 
four year* fiiuco thermostable DNA polymer* 
zztg? made PCR practical Some of the reasons for its slow 
acceptance are high cost, tack of automation of pre- and 
post- PCR processing steps, and false positive results from 
carryover-contamination. The first two points arc related 
in that Jabot is the largest contributor to cost flit the present 
stage of PCR devekspment. Most current assays require 
some form of "downstream" processing once tbermocy* 
ding ts done in order in determine whether the target 
DNA sequence was present and has amplified. These 
include DNA hybridiwtioir 9 * gel electrophoresis with or 
without use of restriction digestion*;*, HPLCr f or capillary 
rlectrophorcsU 10 . These methods are labor-intense, have, 
low throughput, and arc difficult to automate- The third 
point is abo closely related to downstream processing. 
The handling of the FCfc product in these downstream 
processes increases the chances that ampUBed DNA wilt 
spread through the typing- lab, resulting in * a .risk of 



carryover*' fake positives in subsequent testing". 
These downstream processing steps would be elimi- 
nated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays m which such different processes take 
jlace without the need to separate reaction components 
iave been termed '!boraogeneetus"\ Ko truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress towards this end has been reported. Chehab, et 
at 1 * developed a FCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product Allek^peciiic primers, each with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a downstream process in order to visualize the 
result Recently, Holland, et al, 19 , developed an assay in 
which the endogenous 5 r exdnudease assay of Taq DNA 
polymerase was exploited to deave a labeled oligonucleo- 
tide probe. The probe would only ckave if PCR axnpfitV 
cation had produced its complementary sequence. In 
order to detect the dcavage products, however, a subse- 
quent process is agam needed, . ^ _ 
We have developed a truly homogeneom assay for PGR 
and PGR product detection based upon the gready in- 
creased fluorescence that ethidium bromide and oiher 
DNA binding dyes exhibit when they ate bound to ds- 
DNA t4 " 19 . As outlined in Figure 1, a prototype PCR 
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H8USE I Principle of simultaneous amplification and detection of 
PCR product- The components of a PCR containing EtBr Uiat sre 
Duoreseent are listed— EtBr itself, EtBr bound toother ssDN A ot 
dsDN A. There h % large uuorcscence cnhauccmcxit when EtBr is 
bound to DNA and holding; u greatly enhanced when DNA .is 
doubk-siTandcd, After sui&cient <n)..cydcs of PGR. the .net 
incrca.se in <l<t)NA r«uks tn additional £t&r biotfin^, and «t net 
incrcstse in total fluamsccna^ 
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ROtAS j| Gd electrophoresis of PCS. amplification products of the 
human, ttudcar gene, HLA DQtt, made in the presence of 
inorereaig amounts of EtBr (up io 8 cgfal). The presence of 
EtBr has no obvious effect on Ac yield or specificity of amplifi- 
cation. 
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fWUXE 9 (A) Florescence measurements from PCRs that contain 
0.5 (fcgftni EtBr and that Ate specific for Y^hrotnosojooc repeat 
5cqueticc*. Five replicate PCRs were begun containing each of the 
DNAs specified. At each indicated cycle, one of the five replkatc 
PCRs for each DNA was removed from thcrmocydmg and H$ 
fluorescence measured, Units of fluoresce nee are Arbitrary. (B) 
UV photography of FCRtuZxs (0.5 ml Eppcndor£«tylc, jXHyprO- 
pykne intcn>-eeiritrifuKc tubca) containing reactions, those .start, 
ing from 2 ng male DNA and control reactions without any DNA, 
from (A), 



begins with primers that are .ungle-strandcd DNA (ss* 
DNA), dNTPs, and DNA polymerase^ An amount of 
dsDNA containing the targtt sequence (target DNA) is 
also typically present. This amount can vary, dej 



on the application, from tingle-cell amounts of DNA 17 to 
micrograms per PCR* 8 . If EtBr is present, the reagents 
that will fluoresce, in order of UKtcasdng fluorescence, are 
free EtBr itself, and EtBr bound to the single-straridcd 
DNA primers and Co the double-stranded target DNA (by 
its mtercahtion between the stacked bases of die DNA 
doubJc^hc&x). After the first denatu ration cyde, target 
DNA will be largely single-stranded, After a PCR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PCR product itself) of up to 
several micrograms. Formerly free EtBr is bound to the 
additional dsDNA* resulting in an increase in fluores- 
cence* There is also some decrease in the amount of 
ssDNA primer, but because the binding of EtBr to s&DNA 
is much less than to dsDNA, the effect of this change on 
the total fluorescence of the sample is small. The fluores- 
cence increase can be measured by directing excitation 
iUumirtation through the walls of the amplification vessel 
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before and after, or even continuously during, thermocy 
ding. 7 

RESULTS 

PCR in the presence of EtBr. iu order to assess the 
affect of EtBr in PGR, amplifications of the human HI*A 
DQa gene** were performed with the dye present at 
concentrations from 0.06 to 8,0 tLgftvl (a typical concen- 
tration of EtBr used in staining of nucleic aods following 
gel electrophoresis is 0.5 u^mf). As shown in Figure 2, gel 
eiectroDhorcsis revealed httle or no difference in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concetttra*kwi$, indicat- 
ing that EtBr does not inhibit PCR, 

Detection of human Y-cJtromosormj specific 
cniences* Seo^nce-speciftc, fluorescein enhancement of 
EtBr as a result of PCR was demonstrated in a scries of 
amplifications containing 0.5 ug/ml EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc^- These PCKs initially contained either 
60 ng male, 60 ng female, 2 ng roak human or no DNA. 
Five rephcatc PCRs were begun for each DNA* After 9, 
17, 21, 24 and 29 cycles of therruocyding, a PCR for cadi 
DNA was removed from the thermocyder, and its, fluo- 
rescence measured in a spectroffaorometer and plotted 
Vs. amplification cyde number (Fig. 3 A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cyde number 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— the fewer 
.cycles were needed to give a detectable increase in fluo- 
rescence, Gel dectrophoresis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected skc were made in the male DNA containing 
reactions and that liitle DN A symbesfe took, place in the 
control samples. 

In addition, the increase in fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
transilhimioator and photographing them through a red 
filter. This is shown in figure 3B for the reactions thai 
began with 2 ng male DNA and those with no DNA* 

Detection of specific allele* of the human 0-globtn 
gene. In order to demonstrate thai this approach has 
adequate spedfldry to allow genetic screening, a dttcerion 
of the siclue-cell anemia mutation was performed* Figure 
4 shows the fluorescence from completed amplifications 

containing EtBr (O.S i^g/ml) a* detected by photography 
of the reaction tubes on a UV transiHominator, These 
reactions were performed using- primer* specific for ei- 
ther the. w3d-tvpe or sickle-cell mutation of the human 
p^globin gene* 1 - The *r>cdhaty for each allele is imparted 
by placing the sickle-mutation site at the terminal 3' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus an> 
pUfkstjon^can cake place only if the 5' nucleotide of the 
primer i$ complcrDcntary to the 0-gtobin allele present*' 

Each pair of amplifications shown in Figure 4 consists of 
a reaction with etcher the wild-type alldc specific (left 
tube) or skkloallele specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wild-type f^globin individual (AA); from a heterozygous 
sickle ^glpbin individual (AS); and from a homozygous 
sickle fJ-gloW individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed in triplicate (3 pairs 
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c f reactions each). The DNA .type vas reflected in the 
_ja£tve fluorescence intensities in each pair of completed 
amplifications. There was a significant increase in fluores- 
office only where a 0-globin allele DNA matched the 
primer set. When measured on a spcrtrofluoronictcr 
Mata not shown), this fluorescence was about three times 
tjrtt present in a PGR where both p-globm alkies were 
Snatched to the primer set* Gel electrophoresis (not 
flhown) established that this increase in fluorescence was 
<j«e to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for 0-globin> There was 
fitdc synthesk of dsDNA in reactions in which the ailele- 
tfiednc primer was mismatched to both alleles* 

Continuous monitoring of n PGR* Using a fiber optic 
devker it is possible to direct excitation Oluminauon from 
? spectrofluorometer to a PGR undergoing thennocyding 
and to return its fluorescence to the iqpearoftuomnjeter. 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr-containing amplification of Y-chrorno- 
ipmc specific sequences from 25 ng of human male DNA» 
19 shown in Figure 5. The readout from a control r*CR 
wtih no target DNA is also shown. Thirty cycles of PCR 
were monitored for each. 

The fluorescence trace as a function of time clearly 
shows the effect of the thennocyding. Fluorescence inten- 
sity rises and fcils inversely with temperature The fluo- 
rescence intensity is minimum at the tienaturaiion tem- 
perature (94°C) and maximum at the annealin^extension 
temperature (50°C). In the negative-control PCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty thcrmocycte*, indicating that there is 
Bute dsDKA synthesis without the appropriate target 
DNA, and there is little if any Weacfung of EtBr during 
the continuous illumination of the sample. 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of therroocydrng, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denatmation temperature do not 
significantly increase* presumably because at this temper- 
ature there is no d&DNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cence increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-Apednc probe can enhance die specificity "of DNA 
detection fcy PCR. The cEmiiMtKKt of thcac proccraco 
means that' the specificity of this homogeneous assay 
depends solely on that of PGR. In the case of skkle-celi 
disease, wc have shown that PGR alone has sufficient DNA 
sequence Hperificky to permit genede screening. Using 
appropriate amplification conditions, there is Kittle non- 
specific production of dsDNA in the absence of the 
appropriate target allele. 

Hit specificity required to detect pathogens can be 
more or less than that required' to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA chat must be taken with the 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host ceils*. Compared with genetic 
Screening, which is performed on ceils containing at least 
one copy of the target sequence* HIV idetection requires 
Wh more specificity and the input of mote total 
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nwv«t* % UV photography of PCR tubes containing amplications 
using EtBr that are specific to wiW-type (A) or jicKte (S> allele* of 
the human £-globin gene. The left of e*ch pair of tubes contains 
*nde*$peciSc primers to the wild-type alleles, the right tube 
primers to the skWe aflek- The photograph was tafceb after SO 
cycles of PCR, and the input DNAs and the alleles thev cemtara 
j)re indicated- Fifty tag of DNA was used to begin PGR Typing 
was done in triplicate (3 pair* of FC&s) for each input DNA: 
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RGUBES Continuous real-time motutormg of a FCR. A fiber optk 
was used to carry cxritatkm ligtfct to a PUR m progress aod also 
emitted light back to a fluoromctcr (sec Experimental Jftttocot). 
Amptificadoa using fcuman malo-DNA specific primers in » PCR 
Star&ng with 20 ng of human male X>NA (toph or j» a control 
PCR wthout DNA (bottom), were roonriorcd. Thirty cyda of 
PGR were foJW^d for each. TW temperature cycled between 
94>*C (denaturatkm) and 50*C (anwaliog and extension). Note in 
the male DNA FC£,.the cycle (tunc) dependent mcrcasc tn 
fluorescence at the anneaBng/extenMon temperature. 
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DNA — lip to microgram amounts— in order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DMA m an amplification sigfiitamUy increases 
the bacKgroujtd fluorescence over which any additional 
fluorescence produced by PCR must be detected. An 
additional complication that occurs wkh targets in low 
copy-number is the formation of the **priracr-dimer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PCR amplification, and can compete whh 
true PCR targets if those targets are rare, The primer- 
dimer product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous assay. 

To increase PCR specificity and reduce the effect of 
primer-dimer ampUftcation, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplifications diat take place in a single tube?, and the 
*liot-start*\ in which nonspecific amptt&cation » reduced 
by raising the temperature of the reaction before DNA 
synthesis begins". Preihninary results using these ap- 
proaches suggest that pnmcr-duncT is effectively reduced 
and it is possible to detect the increase in Etfir fluores- 
cence in a PCR instigated by a single HIV genome in a 
background Of 10 5 ceils. With larger numbers of ceHs, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To. reduce this background, it may 
be possible to use sequence-specific DNA-binding dyes 
that can be made to preferentially bind PCR product over 
genomic DNA by mcorporaunjr the dye-binding DNA 
sequence into the FC& product through a 5' ^add-on" to , 
the ohTOnvdeotide primer*' 1 . 

We nave shown that the detection of fluorescence 
generated by an EtBr-containing PCR is straightforward, 
both once PCR is completed and continuously during 
(hermocyefing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this- assay. The Huorescenee analysis 
of completed PCRs is alreadyjiossiblc with existing instru- 
mentation in 96-weil format**. In this formal; the fluores- 
cence in each PCR can be cjuantitated before* after, and 
even at selected points during therraocycung by moving 
the rack of PCRs to a 96-rnicrowcll plate fluorescence 
reader 40 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptic* transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
Co monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number, figure 5 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected. Prelimi- 
nary experiments <Higuchi and Doulnger, manuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely if the number of target molecules is 
known — as it can be in genetic saneerung-reontinuous 
monitoring may provide a means of detecting false posi- 
tive and false negative result*. With a known number of 
target molecules, a true posidve would exhibit detectable 
fluorescence by a predictable number of cycles of PCR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
resuhs due to, for example, inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefficiently amplifying marker. This marker tcsuIes in a 
fluorescence increase only after a large number of Cy- 
cles — many more than are necessary to detect a true 
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positive- If a sampte fails to have a fluorescence increase 
after this many cyclcs, inhibition may be suspected. Since, 
u> this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls may 
be important. In any event before any test based on this 
principle is ready for the duiie, an assessment of its false 
positive/false negative rates wOl need to be obtained using 
a large number of known samples. 

In summary-, the inclusion ta PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube, fn the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Hcmum HLA-DQc* gtxfct amplifications containing Etffr. 
PCRs were set up in 100 p4 volumes containing 1 0 mM 'iWHCK 
pH 8.3; 50 mM KC1; 4 mM MgC^: « units of Taj DNA 
polymerase (Perkm*E)mcr Genu, Norwalk, CT); 20 piriofc each 
of human HtA-DQa ' gene specific oligonucleotide primers 
OH26 and CHS 7 19 and approximate^ W copies of DQ<* PGR 
product diluted from a previous inaction. Ethidium bromide 
(EtBn SignwJ was used At the concentrations indicated in figure 
2, Thcrmocyding proceeded for 20 cycles in a mode! 480 
UTCTHKxydcr (Perkjn-EJcner Ccu», Norwalk, CT) using a "step- 
cycle" program of 94*C for 2 mm* dcuatfration and 6<rC for 30 
sec aunouxng and 7i°C for 30 sec. extenstoo. 

Y-chromo9*mc specific: PCR. PCRs (100 ul total reaction 
volume) contahiing %)J& y^Jw\ EtBr were prepared as described 
for HLA-DQcr, except widi dhTcrcnt primers and target DNAs. 
These PCRs contained 1 5 pmote each male DNA-ipcctijC primes 
YI.l and Yi.S 80 , and cither 60 ng male, €0 ug female, i ng male, 
or no human DNA. Thermocycling was M^CTor 1 rnin. and SOX 
for 1 oiin using a "step-cycle* program The number of cyctes for 
a sample were as indicated in *lg"<* 3- Fluorescence measure- 
ment ia described beJow. 

Ailck-apccsfic, human 0-globui ^cts PGR, AmpUncaiions of 
100 fd voJume using 0 5 p%fvH of EtBr were prepared *s 
described for HLADQt* above except with different primers and 
target DNAs. These PCRs contained eilW. primer pair HGFS/ 
HP HA <wR<Hype globin spedne primers) or HGF2/H0 14S (sick- 
lc-globin specific primers) at 10 pmole each primer per PCR. 
TStese printers were developed by Wu ct aL z \ Three different 
tacgei DNA a were tucd in separate ampttftca.tkrasr~*50 ng each of 
human DNA that was homozygous for the a*ckk trait (SS), DNA 
that was hetcrrjryTOus for the Sickle trak (A$)» or DKA that was 
homozygous for the W.t. globm (AA). Thcrmocycfing wa* for SO 
cycles at 94"C for 1 mm. and 55*C for 1 min. itsttt| d "atejM^' 
program. An anneaHttg Umpccature of SS°C h*<\ heen shown vy 
Wn et al 2i to provide allelc-spcdfic awpliftcation* Completed 
PCRs were prrtrtngraphcel through a red filter fWratien 23A) 
after placing the reaction lube* atop a model TM-&6 transIHuffli- 
nator (UV-prOducw San' Gabriel, CA). 

Fhtorescence measnrenxem. Fluorescence TncasurementA were 
made on PCRs containing EtBr in a Fluorolog-2 fluorometer 
(SPEX* Edison. NJ). Excitation was at the 500 nm band with 
about 2 nm bandwidth with a OG 435 ntn cut^ftlierjMcWes 
Crist. Inc., Irvine. CA) to exclude sco^-Otder Ugfat 
lighi was detected at 570 nm with a bandwidth of about 7 nm* An 
OG 530 »m cut-off filter was used to remove the cxdtauon hgjst* 

ContiuuouA ftiioraflcence monitoring of PCR, Gonnnuous 
monitoring of a PCR in progress was accomplished using the 
Bpcctrofiuororoeicr and lettinga descrtbed above as WCU a* a 
fft>eroptic accessory (SP£X caL no. 1950) 10 both send cxcrtaUOB. 
fight to. and receive emitted light from, a PCR placed in a well of 
a model 480 thermocydcr (Ftriun-Elmer Cetns). The probe end 
of the fiberoptic cable was attached with "5 n^utc-cpoxy'' to thfe 
open top of a PCR tube (a 0^ ml poivpropyJene centrifuge tube 
with its cap removed) efteawety flcahng rL The exposed/ top Oj 
the PCR tube anrt the end of the fiberoptic cable were shjeWcu 
from room light and the room light* were kept dimmed dutmg 
each run- The monitored PCJt was an ampwicaiidn of V-ek^o- 
rnosomE-spccific repeat sequences as described above, excel* 
using.an anncahngfectensiott cemperauire of SffC. The reaction 
was covered ividt muxtirti oil (2 drops) to prevent evaporation. 
ThemocycUny and fluorescence measurement were started st- 
multancously, A time-base scan with a 10 second mtegranoo tone 
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used and the «mi$&ft>ti Signal was ratioed to cbc excitation 
■fan*! to control foe chaoses iii Jkht-iourcc intensity. D^.wcre 
^Jtcct^d using the dntfOOOt, version 15 (SPEX) data system. 
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IMMUNO BIOLOGICAL LABORATORIES 



SCD-14 EUSA 



Trauma, Shock and Sepsis 




The CD-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for I ipopoly saccharide 
(LPS) complexed to LPS-Binding-Protein (LBP). The 
concentration of te soluble form is altered under 
certain pathological conditions. There is evidence for 
an important role of sCO-14.with polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic manner and is therefore of value in 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -pfesma, cell-culture 

supernatams and other biological fluids. 

Assay features: 12x8 determinations 
(micruUter strips), 
precoated with a specific 
monoclonal antibody, 
2x1 hour incubation, 
standard range: 3 - 96 ng/mi 
detection limit: 1 ng/ml 
CV: intra- and interassay < 8% 



For more information call or fax. 
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SIMULTANEOUS AMPLIFICATION AND DETECTION Of 
SPECIFIC DNA SEQUENCES 



Russell HigucfcS*, Gavin Bollinger 1 , P. Sean Wateb and Robert Griffith 

Roche Molecular Systems, Inc., 1400 SSrd St., Emeryvilte, CA 94C08. 'Chiron Corporation, 1400 53rd Su Emeryville, CA 
♦Corresponding author. 



We have enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a FCR. Since tke fluorescence of 
EtBr increases in the presence of double* 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefits of PCR 1 to clhv 
tcil diagnostics arc well kndwxv*' 5 ? it i$ sull not 
widely used in this setting, even though it is 
font- year* ciuco thermostable DNA potym^ 

ase$* made PCR practical. Some of the reasons for its slow 
acceptance are high cost, lack of automation of pre-? and 
post-PCR processing steps, and false positive results, from 
<2rryovcT-contamination, The Em two points arc related 
in that labor is the largest contributor to cost ait the present 
stage of PCR development. Most Current assays require 
some form of "downstream" processing once thermocy* 
dbg is done in order *o determine whether the target 
DNA sequence was present and has amplified. These 
include DNA hybrkiiwoon** gel eJextophoresk with or 
without use of restriction digestion*:*/ HPlXr, or capfllary 
«\ectrophoTesis t0 . These methods are labor-intense, have, 
low throughput, and arc di&cult to automate. The third 
point is afao cloudy related to downstream processing. 
The handling of the PGR product in these downstream 
processes increases the chances that amplified DNA '.wilt 
ipread through the typing lab, resulting in a risk of 



'carryover" false positives in subsequent testing , 

These downstream processing steps would be elimi- 
nated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays in whkh such different processes take 
place without the need to separate reaction components 
jave been termed ■'homogeneous* 1 . No truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress toward* this end has been reported. Chehab, et 
aL 1 *, developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product AUcte^pcdfic primers, each with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnwream process in order to visualize the 
result. Recently, Holland, et «l. ls t developed aa assay in 
Which the endogenous 5 r exonuclease assay of Ttfj DNA 
polymerase was exploited to cleave a fabefcd oligonucleo- 
tide probe. Hie probe would only dcave if FCR amplifi- 
cation had produced its complementary sequence- In 
order to decect the cleavage products, however, a subse- 
quent process is again needed. 

We have developed a truly homogeneous assay for FCR 
and PCR product detection based upon the greany in- 
creased fluorescence that ethidium bromide and other 
DNA binding dyes exhibit when they are bound tevds- 
DNA l4 ^ lfl . As outhned in Figure h a prototype PCR 



1 PCTcfftgQ 1 



/ 



«1#DN A. axtniotng 
(aptoLtgjnxwm*) 
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1 "Pririciplc of simultaneous ampFifkarion and detection Of 
PCR product: The components of a PCR COO«rtnh^ EtRr that arc 
fluorescent are fisted— £tBr itself, EtBr bound to cathcrssDNA or 
daDNA. There is % large fluorescence cnhananncnt when EtBr is 
bound to DNA and hmding is greatly enhanced when DNA .is 
double-stranded. After sumdent {n)..cvdcs of PGR, the .net 
laCTca.se in dsGNA residts in addmonal Etfir biadin^ and » net 
increase in total fluorescence: 
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IWUW 31 Gel electrophoresis of PCS. amplification products of the 
human, nuclear gene, HLA DQtt, made in the presence of 
inarming amounts of EtBr (up to 8 ftgftnl). The presence of 
£uV Ims no obvious effect on utc yield or specificity of amplifi- 



cation. 
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HGOK $ (A) Fluorescence measurement* from PCRs that contain 
0.5 pgfrn! EtBr and that are specific for Y-chfomo$Ojboc repeat 
sequence*. Five replicate FCRs were begun containing each Of the 
DNA* specified. At each mdicacd cycle, one of the five replicate 
FCRs for each DNA -was removed from thcrmocydxng and Hs 
fluorescence measured, Unit* of fluorescence arc arbitrary, (ft) 
UV photography of PGR tube* (0.5 nil Eppcndorf^tyic, penypro* 
pykne mtcnximtrifuKc tubca) containing reactions, those start, 
ing from 2 ng male DNA and control rcacooT 
from (AX 



without any DKA, 



begins with primers that are *ingle-$trandcd DNA (ss* 
DNA), dNTPs, and DNA polymerase! An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from tingle-cell amount* of DNA IT to 
micrograms per FCR^ 8 . If EtBr is present, the reagents 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the single-stranded 
DNA primers and to the double-stranded target DNA (by 
its intercalation between the stacked bases of the DMA 
doubk^hefc). After the first denatu ration cycle, target 
DNA will be largely single-stranded. After a PGR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several tnicrdgrams. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There is also some decrease in the amount of 
saDJiA primer, but because the binding of EtBr to ssDNA 
is much fc$$ than to dsDNA, the eftect of this change on 
the total fluorescence of the sample is small* The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of the amplification vessel 
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before and after, or even continuously during, thermocy 
ding. 

RESULTS 

PCR in the presence of EtBr. In order to assess the 
affect of EtBr in PGR, amplifications of the human H1.A 
DQct gene* 9 were performed with the dye present at 
concentrations from 0,06 to 8,0 ttg/ml (a typkaj concen- 
tration of EtBr used in staining of nuctek aads foltowing 
get electrophoresis is 0*5 u.g/m0. As shown in Figure 2, gel 
electrophoresis revealed little or no diffe re nce in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PCR, 

Detection of human Y-dnromosorcro specific se- 
aoences. Sequence-specific, fluorescence enhancement of 
EtBr as a result of PGR was demonstrated in a scries of 
amplifications containing 0.5 u-g/ml EtBr and primers 
specific to repeat DNA sequences found on the human 
V^hromosomc^- These PCRs initially contained cither 
6t> ng male, 60 ng female, 2 ng male human or no DNA. 
Five replicate PCRs were begun for each DNA. After 0, 
IV, 21 , 24 and 29 cycles of therniocyding* a PCR for cadi 
DNA was removed from the thermocyder, and its fluo- 
rescence measured in a spectrofluorometer and plotted 
vs. amplification cyde number (Fig. 3 A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponeniial with cyde number; 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain* 
iog human male DNA, but did not sigwficandy increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus t ng— rfw fewer 
cycle* were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis on the products of these 
amplifications showed that DNA fragments of the ex- 
pected she were made in the male DNA containing 
reactions and that Utile DN A synthesis took place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
transuluminatoT and photographing them through a red 
niter. This is shown in figure 5B tor the reactions thai 
began with 2 ng male DNA and those with no DNA- 

Detection of specific allele* of the human 0-gtobm 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetic screening* a dttccuon 
of the sickle-cell anemia mutation was performed* Figure 
4 shows the fluorescence from completed amplication* 

containing EtBr (0.5 |i.gfatt) a* detected by photography 
of the reaction tubes on a UV transulominator. These 
reactions were performed using- primer* sp»edftc for ei- 
ther the. wild-type or skkk-ceil mutation of the human 
p-globin gene* . The specificity for each aHetc is imparted 
by placing the sickle-mutation site at the terminal 3' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus an> 
plmcatipn — can take place only if the 5' nucleotide of the 
primer i$ complementary to the 3-gJobin allele present 1 " ^ 
Each pair of amplificadons shown in Figure 4 consists of 
a reaction with etcher the wild-type allele Specific (left 
tube) or skklc^alleie specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wild-type p-giobin individual (AA); from a heterozygou* 
sickle p-gipbin individual (AS); and from a homozygous 
sickle p-g!oom individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed m triplicate (3 pairs 
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0 f reactions each). The DMA .type vas reflected in the 
Lfa&vt fluorescence intensities in each pair of completed 
flm pltficatk>ns. There was a significant increase in fluores- 
cence only where a (i-globin allele DNA matched the 
primer act. When measured on a spcctrcflnororactcr 
&ata not shown), this fluorescence was about three times 
present in a PGR where both p-globhi alleles were 
j^bitiatchcd to the primer set. Gel electrophoresis (not 
phowa) established that this increase in fluorescence was 
due to the synthesis of nearty a microgram of a DNA 
fragment of the expected size for £<£lobin. There was 
little synthesis of dsDNA in reactions in . which the aflele- 
tfiedfic printer was mismatched to both alleles. 

Continuous nwnitoriog of a PGR* Using a fiber optic 
device? it is possible to direct excitation illumination from 
? spectrofluorometer to a PGR undergoing thcrmocyding 
fl nd to return its fluorescence to the KpectroftuoronieteT* 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr^concaining ampliucadon oi Y<hromo- 
j»mc specific sequences from 25 ng of human male DNA, 
Li shown in Figure 5. The readout from a control tCR 
trjih no target DNA is also shown. Thirty cycles of PGR 
were monitored for cach- 

The fluorescence trace as a function of time dearly 
shows the effect of the theitnocyding, Fluorescence inten- 
sity rises and (alls inversely with temperature* The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°C) and maximum at the axirieaUn Extension 
temperature (SOX). In the negative-control FCR> these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty tbcrmocycks, indicating that there is 
thtlo dsDNA synthesis without the appropriate target 
DNA, and there is little if any Wewhiiig of EtBr during 
the continuous illumination of the sample. 

Jn titic PGR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
brreane ai about 4000 seconds' of thex*nocyclitt$, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable leveL Note that the fluo- 
rescence minima at the denaiuratioo temperature do not 
fligniacandy increase* presumably because at this temper- 
ature there is no dsDNA for EtBr to bind. Tiros the course 
of the amplification is followed by tracking the fluores- 
cence increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the eaqpectcd size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-specific probe can enhance die specificity of DNA 
deceiAauii Uy FCR. The cHmioatioa of ihcac procewco 
means that* the specificity of this homogeneous assay 
depends solely on thai of PCtL In the case of sickle-cell 
disease, wc have shown that PGR alone has sufficient DNA 
sequence sptsancky to permit genetic screening. Using 
Appropriate amplification conditions, there is little non- 
specific production of dsDNA in the absence of the 
appropriate target allele. 

The specificity required to detect pathogens can be 
more or less than that required* to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with die 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells 5 . Compared with genetic 
screening, which is performed on ceils containing at least 
one copy of die target so^uence* HIV [detection .requires 
both more specificity and the input of more loral 
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UV photography of PCR tubes containing sunpEficauoiis 
using EtBr that art specific to wiWkype (A) or siefck (S) alldw af 
the human &~$obin gene. The left of eaCh pairof rubes contains 
aQele^spedfic primers to the wild -type alleles, the right tube 
primers to the sfcWe attete- The phmograph was taken after 30 
cycles of PGR, and the input DNAs and the alleles thev contain 
are indicated- Fifty ng of DNA was used to begin PGR. Typing 
was done in triplicate (3 pair* of FC&) for each input DNA 
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KGWtS Continuous, real-time monitoring of a FCH A fiber optk 
was oscd to carry, excitation fight to a m progress and also 
emitted light back to a ftuoromctcr (sec Expentticntal Jftotocol). 
Amptificauoa UStOg human malo-DNA specific primers in a PGR 
Starting with 20 ng of human male DNA {top), or in x control 
PCR wtthout PNA (bottom), were monhorcd. Thirty cyde* of 
PGR were fallowed for each. Tl>e temperature Cycled between 
94*C (denaturation) and 50*C (annealing and extension), Note in 
the male DNA FC&.the cyde (time) dependent fcoeasc in 
fluorescence at the aoiieafi^exteM*oa temperature. 
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DM A—up to microgram amounts— -in order to have suf- 
ficient numbers of target sequences. This large amount of 
xnuliog DNA m an amplication signtticantly increases 
the bacKgtourtd fluorescence over which any additional 
fluorescence produced by PCR. must be detected. An 
additional complication that occurs with targets irt tow 
copy-number is the formation of the **primet-<Jimer" 
artifact This is the rcsuh of the extension of one primer 
using the other primer at$ a template. Although this occurs 
infrequently^ once it occurs the extension product is a 
substrate for PGR amplification, and can compete with 
true PGR targets if those targets are rare, The primer- 
dimcr product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous assay. 
To increase PGR specificity and reduce the effect of 

grimer-dimcT amplification, we are investigating a nunv 
er of approaches, including the use of nested-primer 
amplifications that take place in a single tube*, and the 
"hot-start", in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 25 . Preliminary resuks using these ap- 
proaches suggest that T>runcr-dtmcT is effectively reduced 
and it is possible to detect the increase in EtBr fluores- 
cence in a PGR instigated by a single HIV genome in a 
background of 10* ceils. With larger numbers of ccHs, the 
background fluorescence contributed by genomic DNA 
become* problematic. To. reduce this background, it may 
be possible to use sequence-specific DNA-binding dyes 
that can be made to preferentially bind PGR product over 
genomic DNA by mcorporating the dye-binding DNA 
sequence into the FCR product through a 5' "add-on" to . 
the oU^nudcotide primer* 1 . 

We nave shown thae the detection of fluorescence 
generated by an EtBr-containing PGR is straightforward, 
both once PGR is completed and continuously during 
thermocyciing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. Hie Huorescence analysis 
of completed PCRs is alrcadypossiblc with existing instru- 
mentation hi 96 -well format**. In this format, the fluores- 
cence in each PGR can be cjuantitated before, after, and 
even at selected points during thermocyciing by moving 
the rack of PCRs to a Q^microvcJl plate fluorescence 
reader 20 . 

The instrumentation necessary to continuously monitor 
multiple PGRs simultaneously is also simple in principle. 
A dircqt extension of the apparatus used here is to have 
multiple fiberopdes transmit the excitation light and flu- 
orescent emissions to and from multiple PGRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 
during PGR a fluorescence increase is detected. Prelimi- 
nary experiments <Higuchi and DoUinger, manuscript in 
preparation) with continuous rnoiutoring have shown a 
sensitivity to twc-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screejimg—^ntinuous 
monitoring may provide a means pf detecting false posi- 
tive and false negative rc$u)t$. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of FCR* 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
results due to, for example,, inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
ineftjeiendy amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles—many more than arc necessary to detect a true 
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positive. If a sample fails to have a fluorescence increase 
after this many cycles, inharitton may be suspected. Since, 
in this assay, conclusions are drawn based cm the presence 
or absence of fluorescence signal alone, such controls may 
be important. In any event before any test based on this 
principle is ready for the clinic, an assessment of its false 
positive/false negative rates will need to be obtained using 
a large number of known samples. 

In summary, the inclusion in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specinc DNA amplification from oucside 
the PGR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Homos HLA-DQm gene *mpHflcaUO»s ismtaining EtBr. 
PCRs were set up in 100 pX vofcraes comainmg 10 raM Tris-HCK 
pH 8.3; 50 mM KCi; 4 mM MgC^: S-5 units of Tan DNA 
polymerase (Perkm^Ehncr Cctus. Norwalk* CT); 20 pinole cacti 
of human HtA-DQa ' gene specific oligonucleotide primers 
(>H26 and CH27 19 and approximate!/ NT copies of DQfr PCfc 
product diluted from a previous reaction. Ethidium bromide 
(Et&r; SigtwO was used At the ccmcentrations indicated in Figure 
2. Thennocyding proceeded for 20 cycles in a mode! 480 
thcrmocyder (ferkhvEltncr Ccqo, Norwalk, CT) using a "stcp- 
cydc" program of 94*C for 1 ram.- denaluration and 6<rO for "SO 
sec anoeSng and 72*C for 30 sec. e*tensto». 

Y-chrozDowmc specific PCR. PCRs (J00 fd total reaction 
volume) ccaitai&ing 0*5 pgArol EtBr were prepared as described 
tor HLA-DQ<»r except vdth dhlcrcnt primers and target DNAs. 
These PCRs contained I $ pmolc each male DN A-spcciflc printer 
YI.) and Vl.2 40 , and cither 60 ng male, 00 nefemtfe, 2 ng male, 
or no human DNA. Thermocyciing *ttS°4*CTor I nan, and 6tf€ 
for I min using a "rtcp-cyde* program. The number of cycles for 
a sample were as indicated in figure 3. Fluorescence measure- 
ment is described below. 

Allck-opccinc, human 0-gtobin get* PGR. AmpUficauons of 
100 p-l vojwme* n&n% 0 5 of £tBr were prepared as 

described for HLA4)Qik above except with different pruncrs and 
target DNAs. These PCRs contained eHhef primer pair HOPS/ 
H014A <wiW-tYPe gjobin specutc primer*) or HCF2/Hf*14$ <akk- 
lc-giobin spedfic primers) at 10 pinole «*ch primer per PCR. 
Inese prhncrs were deeped by Wu ct aL ai . Three different 
Urgei DNA* were tutcd in separate amplifications!— 60 ng eaca of 
human DNA that was homozygous for the sickle trait (SS), DNA 
that was rjeterazreous for the SteWe trait (AS), or DNA that was 
homo^rgow for Ute w.i- gJobin <AA). ThcrmocycBrtg was for SO 
cycles at for 1 min. arnd 55*0 for 1 min. nsbi| n "^P^T^" 
program. Att anneaHng temperature of 55*C b»dnccn shown try 
Wn et al. 21 to provide allcJc-spcdfic atppliftcatiorL Completed 
PCRs were photographed through a red fitter (Wratterr23A) 
after placing the reaction tubes atop a model TM-36 transiHuf^i- 
nator (UV- prod acts San-Gabriel, CA>. 

Fhiorcseence measurement. Fluor WCetHX mcasuremen (s were 
made oh PCRs containing EtBr in a Fluorotog»2 OuoromCter 
(SFEX, Edison. NJ). EKcitation was at the 500 nra band wjtb 
about 2 nm bandwidth with * GO 435 nm cut-off 
Grist. Inc.. Irvine. CA) to exclude so^nd-order light. Emitted 
yght was detected at 5^0 nm with a bandwidth of about 7 nm- An 
OG 530 »m cut-off fitter Was used to remove the cscrudon hght- 

ContitHtom rhtoraicence l uu ui toi' in g of FCR, Continuous 
monitoring of a PCR in progress was accomplished using m< 
spcctroffuoroinetcr and setdngB described above as weP as a 
nberoprit accessory (SH&X cat no. 1950) to both send excttauoa 
fight to, and receive emitted light from* a PCR placed m a weUoj 
a model 480 mwwyclcr (PcHtm-Elmer CetMs). The probe end 
of the fiberoptic cable was attached whh "5 n\m utc-cpoxy'* to w 
open top of a PGR tube (a 0.5 ml poiypropyknc centritoc tuoe 
with iis cap removed) efTectwely scaling iL The exposed^ top oj 
the PCR tube and the end of the fiberoptic caWc were shielded 
from room light and the room Vigils were kept dunnied durmg 
each run. The monitored PCR was an nmplificadon of V<dk>- 
mc^me-spedne repeat sequences as described above, c^ccp 1 
using: an anncabng/extension rjeroperauirc of 50°C. The rcaCQOn 
was covered witht xnintrAJ oil {2 drops) to prevent evaporation- 
Thcmwcycfiny and fluorescence rocasuremcnt verc started 
multancously. A time-base sc*n.wit^ a 10 second mtegranon tunc 
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km UFdd and the «mtesion Signal was ratioed tn the excitation 
cvd to ccmlrol for changes iti lkht-sourcc uxtennty. Data were 
lected using the dra3000f, version 15 (SPEX) dam system. 
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sCD-14 EUSA 

Trauma, Shock and Sepsis 




The CO- 14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopolysaccharide 
(LPS) complexed to LPS-Blnding-Protein (IBP). The 
concentration of Its soluble form is aftered under 
certain pathological conditions. There is evidence for 
an important rote of sCD-14.with polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic marker and is therefore of vaJue in 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -plasma, ceil-cufture 

supernatants and other biological fluids. 

Assay features: 12x8 determinations 
(microSter strips), 
precoated with a specific 
monoctonaJ antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/rpj 
detection limit: 1 ng/ml 
CV: intra- and tnterassay < q% 



for more information call or fax. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Uvak, Susan J.A. Flood, Jeffrey Marmaro, William Gtusti, and Karin Deetz 

Perkln-fclmcr, Applied Hi o*y stems Division, Foster City, California 94404 



The 5' i«ucleas« PCtt ace ay d«tactc the 
Accumulation af specific PCR product! 
by hybridization and cleavage of o 
double-labeled fluorogentc probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a r*port«r fluorescein dye and a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dlcotcj that the probe has hybridized 
to the target PCR product and h*» 
been cleaved by the 5* nude- 
olytlc activity of Taq DNA polymerase. 
In this study, probes with the 
quencher dy« attached to an Internal 
nucleotide were compared with 
probes with the quencher dya at- 
tached to the J -end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
ihowed quenching of the reporter 
fluorescence. In genera I, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the Internally labeled probes. It is 
proposed that the larger signal Is 
caused by Increased likelihood «f 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached lo 
the 3' -end nucleotide also exhibited 
an Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thux oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 



r\ homogeneous aiaay for detecting 
the *ux*ui nutation of specific l*<rK prod- 
uct that u$e$ a double-labeled fluoro- 
genie probe was described by Let- et al. 0> 
The assay exploits the 5' * » 3' nude- 
olyllc activity of Taq UNA poly* 
mewae* 7 - 1 " and h diagramed In l<lgure 1. 
The fluorogenic piulni consist? of an oli- 
gonucleotide will* n reporter fluorescent 
dye, mhIi «i h fluorescein, attached to 
die 5' end; and a quencher dye, such as a 
rhodaniinc, Attached internally, When 
the fluorescein Is excited by irradiation, 
Us fluorescent emission will be 
quenched if the jiitnluinine b close 
enough to be excited through the pro- 
cess of fluoresce i u:e energy transier 
(l : lf:r). M - w During PCR, ifihe probe is hy~ 
bridized to a template tliaud, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent ,V «* 3 # nucleolytlc 
activity. If the cleavage occurs between 
the fluorescein and rhodaminc dyes, it 
causes an increase in fJuotcscein fluores- 
cence intensity because the fluorescein 
who longer quenched. The increase in 
fluorescein fluorescence intensity indi* 
catcs thut thcprobc-speciflc PCR product 
has huuu gwierutvU. Thus, FET between * 
ir.|Kjj w$ dyr and quencher dye Is criti- 
cal lo the performance of the piobc hi 
the 5' iiuihrd*c PCU txssay. 

Quenching is completely dependent 
on the physical proximity of thv two 
dyes/' 0 Because of this, it lias l*_o!ii a.v 
sunicd that the quencher dye mu»L be 
attached neai the 5' end. Surpri singly, 
we Iwve found that attaching a rho- 
dottiiue dye at the 3 1 cud of a pmlic 



I*CR assay. I'urthcrmore, cleavage of Ibis 
type of probe is not required to achieve, 
some reduction in quenching. .Oligonu- 
cleotides with a reporter dye on the y 
end and a quencher dyo. on the 3' end 
exhibit a much higher reporter fluores- 
cence when douwe-stranded as com- 
pared with single-stranded. Tin's should 
make it possible to use this type of dou- 
ble* labeled probe for homogeneous de- 
tection of nucleic acid Hybridization! 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
Study. Linker arm nucleotide (LAN) 
phosphonimidhc was obtained from 
GJ en Research. The standard DNA phos- 
phoramiditcs, 6-carboxyfluorcscein (6* 
FAM) phosphoraittiditc, n-carboxytet* 
romcthylrhodanilnc succinimldy) ester 
(TAMRA NHS ester), and Phosphalink 
far attaching a ^'-blocking phosphate, 
were obtained iiom Per kin-Elmer, Ap- 
plied Blosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesiser ^Applied 
Blusyscems). Primer and complement 
ollgonucieotides were purified using 

Oilgu ruiification Cartridges (Applied 
Blosyslcms). Duublc-luhdfd probes were 
rtynUirsircd with u-l»AM*lat>eled phos- 
pluudUifdiU: a I (lie: 5* «od, IAN rvplildllg 

one of tbeTs in the sequence, and Phos- 
phalink m the 3* end. Following de- 
pMiUa-'tloii- 0i id cthimol prvcipltatiorv 
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FIGURE 1 Diagram of S' nuclease assay. Stepwise representation of tntf 5' -» 3' nucleojytfc ac- 
tivity of 7fc<7 UNA polymerase acting on a fluuruj*enic probe UurJiiK one extension phase of l't:K. 



niM Na-blcart»onatc buffer (pll 9.0) at 
room tempers uic, Un reacted dye was 

icmuva] by p<o*a£e ovet a I'D-10 Scpllil* 

dcx column. Finally, the double-labeled 
probe: was purified by preparative hi^h- 
performance liquid chromatography 
(HPUy using an Aquaporc C M .220x4.6- 
mm column with particle size. The 
column wis developed with a 24*mln 
linear gradient of 9-20% uectonltrilir in 
0,} m TEAA (trivthylamine acetate). 
I'robes are naincd hy designating the se- 
quence from Table 1 and the position of 
the lAN'-TAMKA molery. Tor example. 

probe Al-7 ha* sequence Al with LAN- 
TAMRA at nucleotide position 7 from the 
.V end. 



PCR Sjr»icm> 

All PCR amplifications were performed 
in the Pcrkin- Elmer CcncAmp PCR Sys- 
tem 9600 using 50-uJ reactions that con- 
tained 10 mM Tris-HCJ (pU S^), So him 
KC1, 200 u,m QTHT, 200 \lm dCTl', 200 
dGTI>, 400 (j.m dTJTP, 0.5 unit of Aiiiplir- 
ase uracil N-glycosylase (PortarbEJmcr), 

CTOlg] 



gene (nucleotides 2141-2435 in the sc 
quence of Nakaltma-Iljlma ct al.) (7i was 
amplified using pi inters A VP and Ait? 
(Table 1) # which are modified slightly 
from those of du Drcull ct fth W) Actln am- 
plification reactions contained 4 mi*i 
M St<h* 20 ng of human genomic JiNA, 
50 hm Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



Name 


'iype 


Ft 19 


primer 




prlinvT 


pa 


probv 




complement 


PS 


probe 


rsc 


complement 


ACT* 


primer 


ARr 


primer 


Al 


probe 


Air. 


complement 


A3 


piobc 


A3C 


complement 



primer. The thermal regimen was $0"C 
(2 mln), 95 °C (10 mln), 40 cycle* of 95 8 C. 
(20 sec), 60*C (1 min), and hold at 72°C. 
A 515-bp segment whs amplified from a 
plasmid Uiat consists oi a segment ol \ 
ONA (nucleotide* 32,2?XM?.,747) in- 
serted in the Smal site of vector pUCl 19. 
'Hiesc reactions cumuli n:d 3.5 ium 
M>;( l\ 2t 1 ne, of pi us mid DNA, 50 riM ?2 or 
P5 probe, 200 nw primer FUf>, and 200 
hm pi unci R119. The thermal rcfllmen 
wa» 5CTC (2 min), °5*C (10 mln), 25 cy- 
cles of 9$ U C (20 acc), 57 W C (1 mln), and 
hold at 72*C 



FUanresceiicr. detection 

l-'or each amplification reaction, a 40-M-l 
aliquot oi a sample was transferred to an 
Individual well csf a white, 9&,w«)| micro* 
titer plate (Perkin-Ulmer). Fluorescence 
was measured on the Pcrkm-EImer Taq- 
Man LS-SOU System, which consists of a 
lumJnescenco flpocirornetc-r with plate 
reader assembly, a. 4B5-nm excitation ill* 
ter, and a MA*nm emiuinn filler, rxcita* 
tion was at 4ft8 run using a ,Vnm slit 
width. Emission was measured at 518 

nm for 6-PAM (the reporter or H valtac) 
and 5ft2 nm for TAMHA (the qucnchc-T or 
Q value) using a 10-nm silt width. To 
dc Let mine the mcicasc hi lcpoitei winh- 
sJtm that Ik caused by cleavage of the 
probe during l*CK, three normalization* 
aic applied to the raw emLvuon data, 
first, emission Intensity of a buffei blank 
Is subtracted for each wavelength. Sec- 
ond, emission Intensity of the reporter ts 



Sequcua*. 

ACCXACAOGAACTOAI CACCACTC 
A'lT7|'UJCG , rrCCGGC:ir.ACX7ITC1XiC 

r<xxA*rxACrGA , i , cc'rix:cti\AccACTp 

ciAcrcGrrcccAA<x:ATCA<rrAATcr.r^*i'G 

C(jOAiriGCT<j(jrAix:rAix^.CAAccAiv 

nc^TCCTIXITCATACAI'ACXlAOCVSMrCXC 
TCACCCACACTGTGCCCATCTACQA 
CAUUiUAAl :t XiCTCA V IXKX'AATOU 
ATaCCCiCCCCCAl^CCAlCCrtrOCTp 

At'*A< x:t ; A'ixxit jm ;t;t;t ;t; At u :7;c utaC 

CGCCCn;<5GACrrCCA0CAA<iA0AT|i 

Cr>TCTCTTGCTCQAAGTCCAGGGCC3AC 



Tor each on^onucicutidc used In tills study, the nucleic add sequence U glvcjii written in the 
5' > 3' direction. Tbeie are 0«er types of uligomicicoudes; TCR primer, fluorogenlc probe usc<i 
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Prab* 

A1-5 
A1*7 
AM 4 

A1-22 
A1-26 



A 1-2 

A1*7 

AM4 

A1-10 

A1 -22 

A1-2G 



018 nm 



€82 nm 

no Wnrtft, « t»mp. 



TO- 



RQ* 



aRQ 



2* 6(1.2.1 32.7 i 1.0 39-2*2.0 OX? * 0.01 0.60 i COG 0.10:1 0.06" 

03 0 *4.3 306,1*21.4 10fl.$*6<3 110-3*5-^ 0*0*0.03 3.$8*0-17 3-00*0.16 

127.0*4.0 403.3*10.1 1O0.7±S.3 l.t'S 10.05 4£4iO.I5 3.104 0.1$ 

1G7.&»1?.f» w.7.1 77 70.3*7.4 73,0* P,0 2.67a 0.06 6.00 i 0,1 C 3,t3iO,T6 

224.C i 0,4 48fi,I* ± 43.8 100.0 ± 4.0 1 0.0 a. 0.03 5.02 1 0.1 1 £77 1 0. 1 2 

1 60^ j o.9 4W.i i ie.4 t*a .i * ^.4 w./ ± a* i . ri ± &.tn ± u^a s^w ± o.ua 



flCURt 2 Rvsulu of 5' nuclease *»wiy * tMiijwrln^ p-acdn probe J with TAMRA At different nude 
otkU positions. As described in Materials and Methods, W'Jt amplification* containing the in- 
dicated piobes Wrre performed, and the fluorescence emission was measured at 51 8 and 582 nm. 
Reported values are the average:*! s.n. for six reactions nm without added template (no temp.) 
ami six reactions run with template (*i temp,)- The RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ" »nd M0 1 values. 



divided by the emission intensity of ll tr 
quencher to give an R0 ratio for cadi 
reaction tube. This normalizes tor wdl- 
to-well variations in probe concentra- 
tion and fluorescence measurement. Fi- 
nally, aRQ lit calculated by subtracting 
tnc KQ value of the no-template txmtro) 
[RQ") from the KQ value for Ui* win- 
plete reaction including template 
(RQ ' )• 

RESULTS 

A series of probes with increasing dis- 
tances Derween the fluorescein reportci 
and rhodamine quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the $' nuclease rCH as- 
say. These pTubes hybridize to a target 



.sequence in the human p-actin gene. 
Flguic 2 shows the results of on experi- 
ment in wliich these- probes were In- 
cluded hi PGR thai amplified a segment 
of the (S-itrlin g«nr. containing the Uigct 
sequence- IVifoi manic hi the 5' nu- 
clease PCR assay Is monitored l?y the 
magnitude of ARQ, which h a measure 
of the Increase In reporter llvurwnnct? 
unwed by PCK amplification of the 
probe target. Probe AX-2 hav* ARQ value 
that is close to *en>, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction, Thlsi sug- 
gcaU that with the quencher dye on the 
MTtAJiid nucleotide from the .V end, there 
Is insufficient khiih hn Tdy polymerase 
to cleave efficiently between the reporter 
and quenchei. The other five probes ex- 
hibited comparable ARQ values thai are 



clearly different from zero- Thus, all five 
probes arc bet OR cleaved during \*CM am- 
plification i cMiltjug hi a »lJiiilar incieasr 
hi jcpoiter fluore>eeJice. ll should be 

noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than thai observed 
In Figure 2 (data not shown). Tints, even 
In reactions where amplification occurs 
the majority of probe molecules remain 
uiiclcavcd. It is mainly for this reason 
that the fluorescence Intensity of the 
quencher dye TAMRA changci lIHlo with 
amplification of the targej. This Is whal 

allows US to U5e the &82-nm fluorescence, 
reacting as a norm altxat Ion factor. 

The rnagnihid** of RQ" dr*ppnri* 
mainly on the quenching efficiency in- 
her«nr in the. specitic. .structure ol the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ" values liidi* 
catethat probes AM4, AM9 f Al-22, nnd 
A 1-26 probably have reduced quenching 
as compared with A1-7. Still* the degree 
of quenching I* sufficient to detect a 
highly significant increase In reporter 
flu<JTescence when each of these probes 
ia cleaved during PCR. 

To further investigate the ability of 
TAMKA on the 3' end to quench fj-FAM 
on the 5' end, three Additional pain of 
probes were tested in the 5' nuclease 
PCR aasay. Foi each pair, one pcobc has 
TAMRA attached to nn internal nucle- 
otide and die othei has TAMRA alUchcd 
to the 3' end nucleotide. The results arc 
shown in Tabic 5f. J^or ol) three sets, the 
probe with the 3' quencher exhibits u 
ARQ value thai is considerably highd 
dwi foe the probe with the interna) 
quencher. The HQ" vnkiCS suggest thnl 
differences In quenching arc not as grr.ut 
as those observed with some of the Al 
probes. These results demonstrate I hot 0 
quencher dye on the 3' cod of nn oligo- 
nucleotide can quench efficiently the 
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TABLE 2 Results of S' Nuclease Assay Comparing Prulxa wIUj TAMRA Attached to an Internal or S -terminal Nucleotide 



M8 ntn 



nm 



Probe. 


no temp. 


+ temp- 


no temp. 


+ temp. 


RQ 


R<V 


aKU. 


A3-24 


54.6 i 3.2 
72.1 ± 2.9 


84,8 x :u 
236.5 i 11.1 


H6^i 6.4 
ft4.2* 4.0 


U.h.6 J. 2.5 
90.2 n. 3.8 


0,47 a. 0.02 
0.86 a 0.02 


0.73 i 0.03 
2.62 i O.OS 


1.76 ±0.05 


17-7 
1*2-27 


82.8 a. 4.4 
113.4 2:6.6 


384.0 ± 34.1 
555.4 ± 14.1 


10^.] JC 6.4 
140.7 * 8.5 


120.4 =r 10.2 
118.7 =:4.8 


0.79 a 0,02 
asi ± 0.01 


3.19 * 0,16 
4.68 * 0.10 


2.40 f 0,16 
3,88 t 0.10 


I'SHO 
?S2B 


773 ± 6-S 
64*0 i S.2 


244.4 a 15.9 
333.6 ± 12.1 


86.7 i 4.3 
KX1.6 ± 6.1 


9S.B 6.7 
94.7 — 6.3 


0.69 a 0.05 
0.63 + 0,02 


2.55 A 0,06 
3.53 ^ 0.12 


1.66 & 0.08 
2.89 i 0.13 



t>T0 fgj 



.nrt rab-nlMioro were nertOTmcd as described In Matwiol Methods And in the legend to Hlg. 
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fluorescence of a reporter dye on the S J 
end. Tin* degree of quenching is suffi- 
cient for ill in type of oligonucleotide to 
be used as a pr6b* in the .V nuclease* PGR 
assay. 

To tost the hypothesis thai quenching 
by a V TAMRA depends on the flexibility 
Of the oligonucleotide, fluorescence was 
moafcuiftO Kir probes In the Single- 
stranded and double stranded states, Tft- 
hl^ A reports. die fluorescence observed 
at S18 and 582' hm. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio. For probes With TAMRA 
*-l0 nucleotides from the S' end, there 
is Httle difference in the HQ values when 
comparing single*stranded with double- 
steauded oligonucleotides, The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic Increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid Structure of double^ 
Stranded UNA, which prevents the 5' 
and 3' ends from beina in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg 2( effect on 
quench in Figure 3 shows a plot of ob- 
served RQ values for the A] series of 
probes as a function of Mg 2 " 1 concentra- 
tion. With TAMRA attached near the 5' 
end (prone A 1-2 or Al-7), the RQ value at 
0 him Mg 2 " is only Slightly higher than 
RQ at 10 low Mg* l'or probes AM9, 
Al-22. and Al-26, the RQ values at 0 mM 
Mg ? J are very hij»h. Indicating a much 



reduced quenching efficiency* For each 
of these probes, llicitt Is a marked de- 
crease in HQ at 1 mM Mg* * followed by 
u gradual decline as the Mg* 1 tvuecu- 
trution increases to 10 mM, Piubc A1-14 
show* an intermediate RQ value at 0 mM 
\t$ 94 with ii gradual decline at higher 

Mr 7 "* coiKcnliatluub. In a low-$ah en- 
vironment with no M£ 2 * present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg l+ ions aas to 
shield the negative charge of the phos- 
phate- backbone so that the oligonucle- 
otide can adopt conformations where 
tht* 3' end is close to the 5' end. There- 
fore, the observed Mg 2 1 effects support 
the notion that quenching ol a 5' xti* 
porter dye by TAMRA at ur near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking Hnding of this study is that 
it seems die riiodamlne dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (G-I : AM) placed at 
the 5' end. This Implies that a singk- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5' 
end. It should l>e noted that die decay of 
6-! f AM In the excited stale requires a cer- 
tain Amount of time. Therefore, what 



TABIC 3 Comparison ot Plum cAcen<e Kmixuuus u/ single-stranded and 
Double-** nmded FJuotogenJc Piobefv 



518 nm 



582 



RQ 





*9 


ds 


*9 




M 


US 


At-'/ 


27.75 




61. OS 


13A.1R 


0.45 


U.50 


Ab26 


43.31 


509.38 


53.50 


93.86 


0.81 


5.43 




16.7S 


62,88 


39.33 


165.57 


0,43 


0.38 


A.V24 


30.05 


578.64 


67.7?. 


140.25 


0.45 


3.21 


n-i 


35.02 


70. H 


M.t>3 


121.09 


0.64 


0.58 


17-27 




320.4 1 


65,10 


61.13 


0.61 


5.25 


rs-io 


27.;U 


144.B5 


01,95 


165.54 


0.14 


0.87 


PC-2ft 


33.65 


462,29 




10*.61 


0.46 


4.43 



(ss) Single-stranded. The fluorescence emissions at 518 or 582 run for solutions containing a final 
concentration of 50 nM Indicated probe, 10 inM Tn>HCI (pH 8,21), SO dim KC1. and 10 mM MgCl^. 
(ds) Double-stranded. '|*h« solutions contained, in addition, 100 «M AlC for probe* Al-7 and 
k1*7& t 100 nM A3C for probes A3-6 and A3-24, 100 HM \*7X : for piotws K2-7 and 17-27, or 100 nM 
T5C for prober PS-10 and l*£-2a. Before tnc atfdmop of MfcCJs, i W vX Of each rumple Witt lieaictl 



sons 
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matter* for quenching la. ikiI the average 
distance between 6»l ; AM and TAMRA 
but, rather, how close TAMKA can get io 
6*FAM during die lifenme of the 0*FAM 
excited state. As long *s the decay time of 
the excited state is relatively long com- 
pared witii the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the. 5' end because TAMRA is in 
proximity to 6'4'AM often enough to be 
able to accept energy transfer from an 
excited 6-FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridisation of piobes 
Al-26, A3-24, and PS-28 to their comple- 
mentary strands nor only causes a large 
increase in 6*FAM fluorescence at 5Vri 
nm but also causes a modesi Increase in 
TAMRA fluorescence at 582 nm. U 
TAMRA Is being exctfed by energy trans- 
fer from quenched 6-FAM, then loss of 
quenching attributable to hybridization 
should cause a decrease In the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation Is 
more complex. For example, we have an- 
ecdotal evidence thar the bases of the 
oligonucleotide, especially ii, quench 
the fluorescence of both 0-FAM and 
TAMRA (n some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6->AM in an Intact probe is the TAMRA 
dye.. Pvldcnce for the Importance of 
TAMRA is That 6 FAM fluunsiccnco 
remains relatively unhanged when 
probes labeled only with 6-FAM are used 
in the 5' nuclease l'CR assay (data not 
shown). Secondary effectors of fluorev 
cence, both before and afiei cleavage of 
the. probe, need to be explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simpMcs 
the design of probes for the S' nuclease 
PCR aaaay, There are three main factors 
that determine the performance of a 
double- labeled fluorescent probe in the 
V nuclease 1>CU assay. The first factor is 
the degree of quenching observed In the 
intaa probe. Tills is characterized by the 
value of RQ' # which Is the ratio of re- 
porter to quencher fluorescent cmis 
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A1-14 
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a A1-22 




-—a — A1*26 
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FIGURE 3 K'Oel M$ r * tAiiccnt ration on RQ ratio for the Al aerie* of probes. The fluorescence 
emission Intensity ai S18 and 552 nm was measured for solutions containing SO nM probe, lOmM 
Tris-HCl (pH &3>, 50 mM KCl, and varying amounts (0-10 mw) of MgCJ 2 . Jhe calculated lit* 
ratios (518 nm Intensity dMri*?d hy SR2 nm intensity) an- pUilti'tl vi. MgCl.-v concentration (mM 

S^), {upftKt ii$hl) *)iii\va (tie fiujtnsk t-Attiuuurd. 



dyes used, spacing be.twe.en reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
ulhe i faeiui* thai reduce flexibility uf 
the oligonucleotide, and purity of the 
probe. The second factor i* the efficiency 
of hyhi ideation, which depends on 
probe T m , presence of secondary struc- 
lure In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor U the efficiency at 
' which Taq DNA polymerase cleaves the 
, bound probe between the reporter and 
quencher dyes. This cleavage b depen- 
dent on .sequence complementarity be- 
tween probe and template as shown by 
Uie observation that mismatches in (he 
segment between reporter and quencher 
dyes drastically reduce the cleavage, uf 
probi!. (1) 

The rise in HQ* values for the Al se- 
ries of probes seems to Indicate that 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end the lowest apparent quench- 
ing Is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA Is at the 3* end (Ai-zo). This ik 
understandable, a* the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than . is an internally placed 
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probes, tlte interpretation of RCi values 
is lew clear-cut. The A3 probes show the 
some trend as Al, with the 3' TAMOA 
piobc having a larger RQ " than the lit* 
lernal TAMRA probe. For the P2 pall, 
Ixith probes have about the samr RQ ' 
value, Poi the PS probes, the RQ for the 
y probe, is less than for the Internally 
labeled probe. Another factor that may 
explain some of the- observed variation is 
that purity affect.? the RQ" value. Al- 
though all probes are HIM.C puiified, a 

small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modeil ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently um 
have a large effect on the efficiency of 
probe cleavage, The most drastic effect is 
observed with probe A1-2, where place- 
ment of the TAMRA on the second nu- 
cleotide tKdu»_es the efficiency of cleav- 
age to almost zero. For the A3, 1*2, and PS 
probes, ARQ Is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily hy assuming that piobes 
with TAMRA at the 3' end are more likely 
to be cleaved twtween lepoiiei and 
quencheT than are probes with TAMRA 
attach ed internally. J : or the Al probes, 
the cleavage efficiency of pmbe Al*7 
must already he quite high, as ARQ docs 
not increase when the quencher is 

rd»r««l rtn^nr to tru* .V end. This iiluS- 
HORH Z0S6 



trates the importance of hHng able to 
use probes with a quencher on tho 3' 
end in the 5' nuclease POR assay. In this 
os»ay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between I lie 
reporter and quencher dyes. By placing 
the* lupurlur and quuficliui dyes on the 
opposite ends of an oligonucleotide 
probe, any cloavage that occurs will be 
detected. When die quencher Is mtuehed 
to an internal nucleotide, vomutlines ibe 
probe work* well (Al-7) and other limes 

not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe It being cleaved 3' to 
the quencher r other than between the 
mpnn^r and quencher. Therefore, the 
best chance of having a probe that rcli- 
ubly detects accumulation of PGR prod- 
uct in the V nuclease l*0R assay is to use 
a probe with the reporter and quencher 
dye* on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight boncflt hi 
terms of hybridization efficiency, I he 
presence of 0 quencher attached to an 
Internal nucleotide might be expected to 
dWrupl base-pairing and reduce the 7* n , 
of a probe, in fact, a 2 n C~-WC< reduction 
in T m hn^ been obsci"vcd for two probes 
with inieii'iaHy alUclied TAMUA^.'^ Iliis 
disruptive effect would be minimized by 
placing the quencher at the 3' end, Thus, 
probe* with IV quenchers might exhibit 
Mifthtly higher hybridi^tion efficiencies 
than piobeS with internal uucncliej*. 

The combination of increased cleav- 
age and hybridisation efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mis matches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatch^ can be advanta- 
geous, as when trying to use o single 
probe to detect POK-amplificd products 
frdiusiiiiipltcvuf diffcteiil species. Also, U 
mean's that cleavage of probe during PCR 
Is less tteTlsitlvc- to alteration* in AO* 

ncaling temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic dlscfiminotlon. Uc 
ct al/ 1 * demonstrated that aHele-speciflc 
probes were cleaved t between reporter 
end quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
09Z 6*6 IVd SS:H 200Z/S0/2T 
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FIGURE 3 Kffeet of Mg* 1 coneemrathin on HQ raUo for mc A3 scries of probes. The fluurmccuiicii 
emission intensity at MR and 582 nm was measured for solution* containing 50 nw piobe, JO mM 
Trift-lia t (pH 8,3), 5C> ttim KO, and varying amounts (0 10 mM) of MsCl*. Thr calculated RQ 
ratios (51 « nm Intensity divided t>y Shz nm intensity) are plotted vs. MgCl 2 concentration (him 
Mfl). The key (upper right) ihows the probes examined. 



dyes used, spacing between reporter and 
quenchd dyes, nucleotide sequence, 
context effects, presence of structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is tfcc efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dye* drastically reduce the cleavage of 
prohe. <l) 

The rise in RQ values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some, 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
lng is observed for probe Al-19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3* end (Al-26). This is 
understandable, as the conformation of 
the S' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, llic intttrpreUiUoai of RQ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ" than tlx; in- 
ternal TAMRA probe. For If iu P2 pair, 
both probes have about the same RQ 
value. Tor the PS probes, the RQ" for the 
3' probe is less than foi the intently 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ~ value, Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be ft modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu* 
cleotlde reduces the efficiency of cleav- 
age to almost zero. Por the A3, ?2, and PS 
probes, ARQ Is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end ate more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached Internally. For the Al pro!^, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
placed closer to the 3' end. This illus- 



trates the Importance of being a hie to 
use probes with a quencher on the 3' 
end In the V nuclease l'CK assay. In I his 
assay, an increase in tho intensity of re 
porter fluorescence I* observed only 
when the probe is cleaved between the 
reporter and quencher dye*. My placing 
the reporter and quencher dye* on tho 
opposite end* of an oligonucleotide 
prub?., any cleav;igv that occult: will be 
detected. When rhe quencher ix attached 
to Jn UiUriual nucleotide*, *viwcdmw the 
probe work* well (,Ai-7) and other times 
not *o well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is belruj cleaved 3' to 
the. quencher rather than hetween the 
reporter and quencher. Th£r«tofe f the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct In the 5' nuclease PCR assay Ik to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms ol hybridization efficiency. 'I be 
presence of a quencher attached to an 
internal nucleotide mi^hl be expected to 
disrupt base-pairing and reduce the T, n 
of a probe. In fact a 2*C-3"C reduction 

in T m b^s becfl Observed for two probes 
with internally attached TAMRA s, (9 5 This 
disruptive effect would be minimised by 
placing the quencher at the 3* end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased cleav. 
age and hybridization efficiencies means 
that probes with 3* quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, It 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. l«ce 
et al/" demonstrated that allclc-speclhc 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This aU 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant. TheiT probes had TAMRA 
attached to the seventh nucleotide from 
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Uim &' end and wero designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
btitwaan roporter and quench or would 
lessen Inn disruptive, effect of mb- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be Useful for allelic 
discrimination. 

hi this study lost of quonchlng upon 
hybridization wax used to show that 
quenching by a 3' TAMRA in dependent 
on the flexibility uf a slngle-stranded oli- 
gonucleotide, The increase in importer 
fluorescence intensity, though, could 
also b* uted to determine whether hy- 
bridization has occur rod or nor. Thus, 
oligonucleotides with reporter and 
quenchet 1 dyes attached at opposite end* 
should also be useful as hybridization 
probe?;. The ability to delect hybridiza- 
tion In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
wd to develop homogeneous hybrlil- 
i ration assay? for diagnostic* or other ap- 
plications. Bagwell Ct al/ l0) describe just 
(Ills type of homogeneous assay where 

hybridization of A probe Cflustrs an in- 
crease In fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both en&v of the 
probe scqutmcw to form two Imperfect 
hairpins. The results presented here 
demonstrate tliac the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the otliui 
<*nd generator a fluorogonlc probe that 
can detect hybridization or PCR amplifi- 
cation. 
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We have developed a novel "real time" quamhaUvc PCR method. The method measures PCR product 
I uStio^hLgh a duaHatekd Huownlc probe (Lc„ TaqMan Proba). This method ^* 
accurate and reproduce quantitation of Bene copies. Unlike other quantitative PCR methods, real-tune PCR 
does nor require post-PCR sample handling, preventing; potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The real-time PCR method has a very large dynam 
range of starting tarjjet molecule determination (at hast five orders of magnitude). Real-time auantiiarivc 
PCR is' extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis Ms 
had an important rote in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has fatten used extensively In monitoring 
biological responses lo various stimuli (Tan cl al. 
1994; Huang el at. 199$a,h; Prud'homme et al. 
1995). Quantitative gene analysis (DNA) has 
ixt'ii used to tK-icrmine the genome quantity of a 
particular gene, as in the case of the human HER2 
gene, which is amplified in -30% of breast tu- 
mors (Slaraon et al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(illV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; i'latak ct al. jvv:sh; 
Pintado el al. 1995). 

Many methods have been described for tin: 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern VJ/b; Sharp ct 
al. 1980; Thomas 1980). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (K'O-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has mode pos- 
sible many experiments that could not hove, been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 
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that h be uaeU properly for quantitation (tt««y. 
maskers 1W5). Many early rt-ports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product but did not measure, the initial 
target sequence quantity. It is essenliaJ to design 
proper controls for the quantitation of the initial 
target sequences (Pcrrc 1992; ClcmeiHl ct al. 
100?.) 

Kvitftfa'chcxs have, developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang et a), 1990). This method requires 
thai each sample has equal input amounts of 
■ nucleic- add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tity such as p-actln) tan be used for sample, 
amplification «f*icicncy normalization. Using 
conventional methods of PCR detection and 
quantitation (gci electrophoresis or plate capture 
hybridization), it is exirtmcly laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for bolh the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QC)-PCR, has been developed 
and is used widely for PCR quantitation, QC-PCR 
ntlics on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Hatak ct al. 1993a,b). The efficiency of each re- 
action is normalized to the internal compel Hot. 
a ifimwn amount of internal competitor £an be 

anmu rne« na / aha wj Rc:fcT 7nn7/crw7T 
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added to each sample. To obtain relative niiant- 
ration, the unknown target PGR product is com- 
pared with the known competitor \K'\H product. 
Success of ci quantitative competitive I'CU assay 
relies on acvcloplng an Internal control ihnl am- 
l»iirii** with the same efficiency as the tuigei «>oi- 
ccule. TilC design of the conipciltui and the vail- 
Cat ion of amplification efficiencies icquirc a 
dedicated effort. However, because QC-l*<:K dws 
not require that POR products be analyzed during 
the log phase of Hits amplification, it is the easier 
wf the two methods to use. 

Several detection system* mic uw:il for quan 
Illative l'CK and RT-PCtt analysis: (1) agarose 
gels, (2) fluorescein* labeling of PC1H products and 
detection with InaeT- induced fluorescence uain$ 
capillary dt*-crroph<m::iia (h'usco Ct ah 1995,* WH- 
Ilams ei al. 1 996) or acrytaiuldc gels, and (3) plate 
capture and sandwich probe hybrid l/.a turn (Mul- 
der el al. 1994). Although these method* pmved 
successful, each method requires post-i'CR ma- 
nipulations Thar acid tim« to the analysis and 
may lead to ]iibu»a(oty t oulrurtiiuttion. The 
sample throughput of these method* i> limited 
(wilb I he i-xtcption of the plate capture ap- 
proach), and, therefore, these methods, ore not 
well suited ft u.sc* demanding high snmplc 
throughput (I.e., .screeithiK of large numbers of 

hli}(uutc^.LilvN wi ji litly/.ln^ .l^mplca fox diagnos- 
tic* or clinical trials), 

I lerc wv report the development of a novel 
assay for quantitative DNA analysis. The assay is 
hased on the ii.tr. -tif I he 5' nuclease assay first 
described by Holland et al. (199J). The method 
uses i he 5' nuclease. AtMivhy of 7Vi</ polymerase to 
dcavc a not 1 * extendible hybridization probe dur- 
ing the extension phase of I'CU. The approach 
uses dual-labeled fluoroscnic hybridi/.ation 
probes (Lcc ct id. 1993; bowler ct al. 1995; Uvafc 
el al, l$9£a,b). One fluorescent dye .wrva as a 
reporter (FAM (i.e., 6-carbc*x /fluorescein)) and its 
emission spectra is quenched by the second fiuc»- 
resc.ent dye, TAMRA (I.e., fj-carboxy-teuamcthyl- 
rhodaminc). The nuclease degradation of the by- 
hridi/Jitton probe releases the quenching of the 
I' AM fluorescent emission, rebuking jn an In- 
crease: in peak floor escenl emission at Sifc nm, 
The use Of a sequence detector (AO! Prism) allows 
measurement of fluorescent spectra of all 96 wells 
of the i hernial cycler continuously during the 
TCR amplification. Therefore, the reactions ujv 
monitored in real time. The output data is de- 
scribed and quantitative analysis of input target 
I )NA sequences u discussed below. 



RESULTS 



PCR Product Dercaion in R«<*l Time 

The goal was to develop a high-throughput, sen- 
sitive, and Accurate gene quant hat I on assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasmid unending human factor 
VUi gene sequence, pF8TM (sec Methods), was 
used as a model iherapeutic Ktme. The assay use* 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (AM I'rism 77(10 .Sequence nctrdor). 'lite 
Taqman reaction requires a hybridization jwnhr 
lal>clcd witJi two different fluorescent dyes. One 
dye li a reporter tiy« (I'AM), the otV*cr it U quench- 
ing dye (TAMRA). When the proln: 1a inlact, fluo- 
icsccnl energy transfer occurs and the reporter 
dye fluorescent emission is ubsorbed by the 
quenching dye (TAMRA). During Uic extension 
phase of the l'CK cycle, the. fliioreseenl hybrid- 
l/^iloi-i pome Is cleaved by the S'-.V nuclcolytic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no lunger 
transferred efficiently to the quenching dye, re 
suiting In an increase of the ruportur dyu fluores- 
cent vnitx.nl on dp^Ctra. VCR primers and probuii 
were dcr»igneil ft»i Ihu human factor VI 1 J se- 
quence and human p-actfn gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe uml 
•magnesium concentrations yielding <hc highest 
inteiwily of reporter fluorescent signal without 
sacrificing specificity. The Inst rumen I uses a 
charge- coupled device (i.e., CCD camera) for 
measuring the fluorescent cinisjdon apeetni from 
500 to r"i5C) nit i. Kach VCM tube was monitored 
sequentially f<jr 25 rn.sce wldi continuous jnoni- 
tOling throughotlt tin: amplificatitJii. Uach tube 
was re-«xan dried cviiry B.5 see. Computer soft- 
ware, was designed to examine the flu orescent In- 
tensity of both the reporter dye (FAM) and 
the quenching dye (TAMRA). The Ituore.sccnl 
intensity of the quenching dye, TAMUA, changes 
v<-ry Utile over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAMKA dye omission serve* as an internal 
Moudfcird with which to norrnulbu: the reporter 
dye (l : AM) emission variations. The software eal- 
euiotes a v«iUiv termed (or AftQ) using the 
following equation: Afcn - (Itn J ) where 
Kn 4 emiwsioji iutejisily \>t reporter/emission in- 
tensity of quencher at any given time In o-renc 
flon tube, and Ru emission intenailily of re- 



From : EML "PHONE No. : 3ie 472 0905 Dec. 05 2002 12:22AM P13 



HUD HAL 

poncr/emlssion Imemily uf qucndwr measured 
prior 10 I'GK ampliticaUoii in lhar same reaction 
tube. I'or the purpose of quantitation, the Usi 
three data points (AKns) collected during the. ex* 
tension step for each i'CK cycle were analyzed. 
The nuoleolytic degradation of the. hyuiul iy-»iion. 
probe occurs <Hirtng the extension phase or I'tai, 
and, therefore, reporter fluorescent ciiimmuih in- 
creases during this time. Pie Uuw data points 
were averaged for each KJK cycle and the memi 
value for each was plotted in an "ainpllMcanon 
plot" shown in J'igurc 1 A. The AUn mean value is 
plotted on the j*axis, and Time, represented by 
cycK* number, is plotted on tlje*-axi&. During the 
early cycles of the PGR amplification, the ARn 



value remains at base lino When .sufficient hy- 
bridization probe has been cleaved by the Tito 
ix>lymcrase mielc.AfiG activity, the inlcu&hy of re- 
porter flunrr.tccm emission Jlijtft'citfeb. Most \K'A\ 
iiinpliri^ljons reach » plaltfao phone of reporter 
f]uorc!»ee.nt emission if the reHeliun Is carried out 
to high cycle iiuhiIkhn. The amplification plol \U 
examined vuily iii Uu» reaction, ut a point that 
iirpresenis the loff phase of product arnwiula- 
tkm- This Js done by aligning an aihiUary 
shrtshoJd tiut is b»5cd on the variability of the 
base-line dyia- In Mgure 1 A, lite Ihrtthokl was set 
at 10 standard deviation* above the mean of 
Viaiw line emission lalculated from 1 lo 1 5. 

Once the threshold is chosen, the point at which 
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Rqure 1 PCR product detection in real time (*) The Model 7700 *jHware will construct amplification plot! 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base line of the amplification plot <_• .values are 
calculated by determining the poini at which the fluorescence exceeds a threshold limit (usually 10 times me 
SXeJiation of the base line). (S) Overlay of amplification plots of serially 0 *) dl ^ hwnm genonuc 
DNA wmolcs amplified with p-actin primers. (Q Input ONA concentration of ^amplcs *™*££^J&\ 
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the amplificotion plot vrotsefi Ihethrctfhold'is-cle 
fined as C P C r is reported a* the cycle number m 
tills point. Ar will be demonstrated; the* CI, .value 
Is pitrdlciive of the quantity of input tnrgv.f . 

Cj- Values Provide a Quantitative Measurement* of 
Input Targer Sequence* 

Figure tfl shows amplification ploU of ]i»-di'rT*s»-- 

en I PGR amplifications overlaid. The amplify- 
Hons were performed on a 1 :2 serial dilution erf 
human genomic PNA. I'hc amplified target w:u. 
human p octln. The amplification plots xhifl to 
the right (to higher threshold cycles) iw the input 
target quantity is reduced, 'JT>is is expected ho- 
came* rtmittlnriK with fuwer starting copias* of the 
target molecule require greater amplification to 
degrade enough probe to atra In the Threshold 
fluorescence. An arbitrary threshold of 10 'stan- 
dard deviations above the base line was used to 
determine the C r valuer. Figure 1C represents the 
C T values plotted versus the sample dilution 
value. Each dilution was amplified in triplicate 
Pc:r amp II flea ri cms and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly with increas- 
ing target quantity, Thus, C r valuers can be used 
as a quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plol for the ]5.6*nj> sample shown In Figure 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15,6-ng sample also achieves endpoint pla- 
teau at a lower fluorescent value than would he 
expected based on the input UNA. This phenom. 
cnon has been otacrved. occasionally with other 
samples (data not shown) and may be attribut- 
able to lute cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated O, value as 
demonstrated by the fli on the line shown m 
Figure. 1C All triplicate amplifications resulted in 
very similar C,* values— the standard deviation 
did not exceed 0,5 for any dilution. Tills experi- 
ment contains a > ] 00,000-fold range of input tar- 
get molecules. Using Cy values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
.quantitation. The linear range. oi iluorcsccm in- 
tensity measurement of i he- AIM Prism 7700 <le- 



7.7.n f3i 



Rl Al ItMl 0UAN1I1M1V1 PGR 

merits over a very large ra«j»<' i»f rflntive darling 
target quantities. 

Sample Preparation Validation 

Several parameters Influence the eflielenry of 
PCTR amplification: magnesium and salt conceu : 
tiHtious, reaction conditions (i.e., time and tem- 
perature), PCU target size and composition, 
primer sequences, and sample purny. All of The 
above factors are common to a single Villi assay, 
except sample to sample purity, in an effort to 
validate Ihc method of sample preparation for 
the iacior VJil assay, VCR amplification reproduc- 
ibility and efficiency ol 3 0 replicate sample 
pre-] ia rat ions were examined. After genomic DNA. 
was prepared from the 10 replicate samples, the 
DNA was quaii Utatcd by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciin 
Kum: content in 100 ami 25 in; of total genomic 
UNA. Each VCR amplification was performed in 
triplicate. Comparison of C r values for each trip* 
iicate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic I). Therefore, each ol the triplicate PCR 
amplifications was highly reproducible, demon- 
strating that real time VCR using this instrumen- 
tation introduces minimal variation Into the 
quantitative: J'CR analysis. Comparison of the 
mean C n values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for f4-acttn gene quantity, 'i'hc highest C. T 
difference between any of rhe samples was 
and 0.73 for the 100 and 25 samples, respec- 
tively. Additionally, the amplification of each 
sample, exhibited an equivalent rate of fluoro 
cent emission intensity change per amount of 
DNA target analysed as indicaicd by similar 
slopes derived from ihc sample dilutions (Pig. 2). 
Any sample containing an excess of a VCM inhibi- 
tor would exhibit a greater measured 3-acUn O r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analysis (fitf. 2), altering 
the expected C,- value change. Each sample am- 
plification yielded a similar result in the analysis, 
dcmonslratins that this method of sample prepa- 
ration is highly reproducible, with regard to 
sample purity. 

Ouantitadve Analvsis of a Plasmid After 
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Tabl« 1. Reproducibility of S«mplo Preparation Method 



1 



8 
9 

10 

Mean 



100 ng 



Samplo 

no. Cy 



standard 
m&an deviation 



CV 



18.2-1 
18.23 

18.33 

18.35 

1ft, A A 

18,3 

18.3 

1«.42 

18.15 

18.23 

1S.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.2B 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

18.66 
0 10) 



13.27 0.06 



1JM7 



18.23 



18.7-1 



16.39 



lfi.55 
18.12 



0.06 



18.34 0.07 



COS 



1BM2 0.04 



0.21 



0.12 



18.63 0.16 



18.29 0.1 



0.12 
0.17 



0.32 

0,37 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0.55 

0.65 
0,90 



20.48 

20.55 

20,5 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20,44 

20.38 

20.68 

20.87 

20,63 

21.09 

21.04 

21.01 

20,67 

20,73 

20.65 

20.96 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation CV 



20.51 0.03 0,17 

70.54 0.11 0.51 

20.54 0.06 0.28 

20.43 0.05 0.26 

20.73 0.1 3 0.61 

21.06 0,03 0.15 

20.6& 0.04 0.2 

20.86 0.12 0.57 

20.51 0.07 0.32 

20.73 0.1 0.16 

20.66 0.19 0.91 



(or containing a partial cDNA for human factor 
vn I, pl : 8TM. A scries of tra infections was sot 
up using a decreasing amount of the plasinid*(40, 
A, 0.5, and 0.1 jxg). *1\vtrniy-four hours poM- 
tnmafectinn, total DNA was purified frwm each 
flask uf (.rib. (5-AcLiii gene quantity wa^ chosen as 
a value for norma ligation of ^v-nomii*. DNA con- 
centration from each sample, hi this cxpeiiment, 
|3-acun gene content should' remain constant 
relative to rotal genomic DNA. Figured shows ihe 
result of the p-actlri DNA measurement (100 ng 
total DNA dclcrmintid by ultraviolet spectros- 
copy) 0t each sample. Kach sample was analysed 
in triplicate and the mean p-acun Cr values of 
the triplicates were plotted (error bars represent 



betwv^n any iwfj sample* moans was 0.i»S C n Ten 
nanograms of total DNA of each sample were also 
examined for (Vactln. llic results again showed 
that very similar amounts of genomic DNA were 
present; the maximum mean p actin C: t value 
difference wa.s 1.0. As l : igure 3 shows, the rate of 
p-actln CJ r change Ixrtwcen the 100 and 10-ng 
sample* was similar (slope values rang« butwoon 
3.56 and -3.45). This verifies again thiit the 
method of sample preparation yields triples of 
identical POR integrity (he-, no sample contained 
an excessive ainounl of a ?CR inhibilor). How- 
ever, these results indicate that each sample eon 
talncd slight differences in the actual amount of 
genomic DNA analyzed. Determination of actual 
uuuuiuic DNA loncentraiion was accomplished 
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Figure 2 Sample preparation purity. The re plies to 
samples thown In Table 1 woro also amplified in 
tripicate Rising 2S ng of each DMA sample. The fig* 
utfc show* the input DNA concentration (TOO and 
2S ncj) vs. C, In th<* figure, ihp 100 and 75 ng 
points for «ach tarnple are connected by a fine. 



by plotting the mean £-actSn O, vakie obtained 
for each 100-Jig sample on a $-aclln standard 
i.-urve (shown In J'ia- 40>. The actual genomic 
DNA concentration of each sum pic, «, was ob 
talncd by extrapolation 1o tile 

FiKuru 4 A sliows the measured' (hu. f n«rt- 
normalised) tpum title:, of /actor VJJ] p1a*inid 
DNA (pPSTM) from each of tin: four transient cell 
lni"9ifcclion&. Kach reaction contained 300 ng of 
total sampta UNA (as determined by UV spectro* 
copy). VacU sample was analyzed in triplicate 
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Figure 3 Analybb uf lidnsfectcd ceJJ DNA quonlity 
and purity. I he DNA preparations* of the four '29% 
cell transactions (40, 4, 0.5, and 0.1 of pF8TM) 
were analysed for the (J-actln gene. 100 and 1 0 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfectcd, the (i-actln 
C T values are plotted versus the total Input DNA 



pt:r< amplification*. As shown, pl'STM purified 
f fit»jp Jbc 29» cells decreases (mean C, values in- 
eruasi';) with decreasing amounts of pi asm Id 
ttrumUxlcd* Th« mean C t values obtained for 
prWM inTlgufC 4A were piotted on a standard 
curve cc*mpr!j*ed uf se J laity diluted pKHTM, 
shown in 'figure 4B. The quantity uJ ph'NTM, /j, 
found in each of the four transections was de- 
termined by extrapolation to the x ax It; uf the 
Mandard curve In l'i^urc 4tt. These uncorrected 
values, b, for plWM were nor mailed to del er- 
mine the actual amount of pI'81M found per 100 
hk of genomic DNA by using the equation:. 



a 



'00 tig uciual pIB*l*M copies per 
" r 100 ng of genomic DNA 



where a - actual genomic ONA in u sample and 
U »- pl : fl'fM copies from the standard curve. 'Hie 
normal ir-cd quantity of pl'BTM per 100 ng of ge- 
nomic ONA for each of the four transfer! Ions la 
shown In H^ure Thcac rctullft Ahem tliai Uic 
quantity of factor Vin plasiuid iissovJjteO wiilt 
the 29.1 cellii* 21 hr after iruiis r \&ii<jn, di:t.ii:.ise;. 
wttli Uccrcasliij; pJusiinii) uim,«nuatiOij u.%ed In 
the transection. 'Hn: quantity of pJ'tt'J'M associ- 
ated with 293 cells, after irunsfectlon with 40 ixg 
Of piasmid, was 35 pg p<?r 100 ng genomic UNA* 
This results in -520 pi as mid copies per cell. 



WSCUSSION 

Wo have described a new method for qunntil«f- 
gene copy number* using real-time nntiiysts 
of PCK amplificatlonx. Real-time PCK is compat- 
ible with either oi the two ?C\< (KT-PCR) ap- 
proaclio: (1) quantltcttive compeih'ivt: where an 
Internal cumpclUor for each target sequence i» 
used for normalisation (data not shown) or (2) 
quantitative comparative PCK using u noun* I Na- 
tion jjeue contained within the sample (i.e., |3-ac- 
tin) ox a "housKkeeping" gene for RT-PCK. Ff 
equal amounts of nucleic achi are analy/ed for 
each sample aiul if the amplification effkiency 
before quantitative analyst* o identical for each 
sample, ihe liuernal cujiIkjI (ouimali^nion fcenc 
or competicc^r) should give equal M^naLs for alJ 
samples. 

The real-time PCU method <jffcrs several ad- 
viuilages over the other two methods currently 
employed (see the Introduction). I'irst, the real- 
time PCR method is performed in a doscd-tube 
system and requires no post-PCR mimi!>ulation 
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Figure 4 Quantitative anatyKi* of pFSTM in transfccied tclfe. </4) Amount of 
plasmid DNA used for the trunsfoctlon plotted against the ine*in C, value deter- 
miood for pffiTM remaining fa hr fl u C r transection. (D,C) Standard curves of 
pf-ftTM *nd /1-acdo, respectively. pf 8TM DNA (0) and genomic |J>NA (Q were 
diluted *Arbl|y 1 :S before amplification with the appropriate primeri. The f*-actin 
standard curve wav usgd to normalise the results of A to 1 00 ny of genomic DNA. 
(D) Tho amount of pFSTM present per 1 00 ng of genomic DNA. 



of sample Therefore, Ihf potent i«J for PCR con- 
In ml notion i hi the laboratory is reduced because 
amplified products cam li« aualyyed and disposed 
of without opening tin- reaction tubes. Second, 
this method supposU ihu umi of a norimilixtilJoi] 
gene (i.e., fJ-fictin) for quantitative. PGR or house- 
keeping genes for quant Motive RT-l'CK controls. 
Analysis Is performed in real time during the Jog 
phase of product accumulation. Analysis during 
Kik phase permit* many different genes (over a 
wide input target range) lo be analysed simulta- 
neously, without concern of reaching rend Ion 
plateau at different cycles. This will make uniltl- 
analysis assays much ca.Mvi to develop, bc- 
cnusc individual internal ^oiiipetllui> will nut !>c 
needed for each gene under analysis. Third, 
in pic throughput will incica.%c dittmalicetlty 
with the new method because, there is no jx>st. 
1*CK processing time. Additionally, winking In a 
n 6-wcll format h highly compatible with auto* 
iiiation technology. 

The real-time PCR method us highly reprru 
duciblc. Replicate amplifications can be analyzed 



for <?ach sample minimising potent itU error. The. 
sysiKiTi allow* 1ot a very large ussay dynamic 
runge (approaching 1,000,000- fold Marling Uu- 
gel). Using u Mandard curve for the. target oi in* 
tercst, relative copy number values can be deter- 
mined for any unknown sample, hi u orescent 
threshold values, C p cunt-Jutr. linearly with rela- 
tive DNA copy numbers. Kea] time quantitative 
HT- rCJR methodology (Cilbscui et ah, diis Ijwijci) 
ha* also been developed, finally, real time quan- 
titative I*CU methodology can be uictl to develop 
high-throughput screening aa.iay* for a variety of 
applications [quantitative gctie caj>j eaaiun (RT- 
rCR), gene copy aastaya (f1er2, II1V, etc.), gCJH> 
typing (knockout mouse analysis), and Jmmumr 

renj. 

Real-time PCM may al.w l>c j>crformed using 
intercalating dyes (Higuc.hi et al. such as 

eiJiJditim bromide. The fluorogenic. prohe. 
method offers a major advantage over inter- 
calating dyes-- greater specificity (i.e., primer 
dimvrs and nonspedflc PCR products are not de- 
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METHODS 

Generation of a Plasmld Containing a Partial 
cDN A Tor Human Factor VII! 

Total RNA w«a harvested (UNAwl U Ovm 'I'd Test, Inc., 
j7)C.«dswood, TX) from cull> »t-tmfccltrd with a Inctur VI 11 
expctaaluu vt?etor, pClS2.tk?.Sl J (Koitm vt M. iyK6; Cor« 
man ct al. 1900). A factor VIII partial chNA wpiemv WAS 
^■icTntcd by in* K:lt |<:*.neAmp VJ, tTlh UNA PHI Kit 
(pan nwmwit/s, rh Aj-plui) biosysicms, I'ostet City, t"A)J 
using the HCril primers VHior unci l-*ftrcv (prin"'f wqueure* 

arc shown beluw). The amp] Icon was roamplifird uslnR 
modified Kflfor and Wrcv primers t*p|X'iuU'd with HuwlU 
and ftiwIUl res I fiction site sequences hi thv V endj mm 
clonal Into jKiKM- 32 (ProH lego Corp.. Mudwou, Wl). The 
resulting clone, pPSTM, was u»d lor transient transfecilon 
of %W cells. 



Amplification of Target DNA ami Duicciion of 
Amplicon Factor VIII Plasmic! DNA 

(pFSTM) was tunpltfteil with (lie pmn<rti l J 8for S'-CCC- 

CTCKX^ACiAUIITjAixiiCnV^' and Wrev .v-aaacct- 

tUOCXn*OGA , JX««i , rA«C!-a'.'t1i« rvnctlun produvrd ti A?J^ 
np k*:k product. The forward primer wtu denned tu tvv 
ognl/.e u unique M'tpirtur ft mi id hi the 5' untranslated 
region of I In; pel i era l (XJiSZ.o\£5l> pldMiiivl mid thiuefore 
0w» i tut k-WI^mUv hi id amplify thv human foetnr VIII 
gene, Wimnrfi wore choraii with the mivtimff' of I he oom- 
putcr program Oligo <N»tii««il liiiweiences, Ine.,. Ply- 
mouth, MN). The luiman ji-acttn gene whs Amplified With 
ihc primers 0-tK-titi fttt-wnrd primer $>' TCACOCACAt 7Vt IT 
GCCCATCrACCA-3' and ^-aciijj iwrte piimcr V.( !AC;. 

CGGAACCCrix:AiTGC:c:AATGG-.T. The reaction pro- 
duced a 295- hp I'Ok product. 

Amplification reactions (SO »J) cow allied « DNA 
sample, Hlx \KM lluffer II (S ^1), 200 h.m ilATP, dOTl\ 
dGTT, and 400 |im riUTI\ 4 in*< MgCI ? , Units Ampll 
7ii<; DNA poiymciasc, 0,5 unit AitipKrasc uracil ti-Riy- 
taMyluNe <UNG), £0 pmolv of each faetoi Vlll jtrhovt, und 1£ 
uiuoU* of uuc.h |l Act In pi liner. 'Hut icwtUm*, uko gonial tied 
000 Of the fo Mowing defect Inn prnlws (100 nw rnrli)* 

l'8j»r*»he A'(i'AW>Ac;crjYrj , (:c:AccnY;crn'(;rrr<;Tt:T- 

GCCTT(TAMRA)p 3' *ud p-«etin prabc 5 r (rAM>ATCC.U;C- 
X(TAMKA)CCCCCATCa':ATCp-.T where p indicates 
pluMphniytannn nnd X indtcotcs a linker arm nucleotide. 
Reaction IuIh.*9 wen' Mit:mAit\p Option! Tul>cs (part AUrn- 
U-rNKOI l»crldn Ulmux) thai wore frosted (A IVrkln 

F.lmcr) to pcvwul liglit Irom reflect In p. Tube eap* were 
ilmiUi** *« MU-roAnip c;nj>s l>ut specially designed to pre- 
vent llfcht se«itlerhi((..AII ol ihe IK1U Cam i/twtnithU« were s^>w 
jJlcd hy PK Applied ltio0y«<eiii» {PiwWt ClUy, CA) except 
the factor Vlll prlmen, wjilvh wnr synthesized at Ceiivii 
l cell, Inc. (Suull) f'i"» Francisco, CA). Probes w*t*« Jc^I^iuhI 
using the Oliyo 4.0 .wfiwarc, follvwlnj; guttlclliicv wi^- 
acsiefl m mc Model 77CX) .Sequence Pcuvior hiMiiuueiil 
luanuat. Hrlcfly, prut*.* T m &}jiiuht he ftl least 5 U C hlfihrr 
mail the anneal Uix iviupeMiiirc ancd during Ihrrnml ey- 
rhtiy prhnersi shovld not fojm Nt«thlv di«plexey with ihc 
probe. 

The then h* I. cycling eanditKmA IncJudvd 2 m\n fti 
5trC and 10 niin at 95"C. Tlicrmal trycYii\% proceeded with 



reacUoiut were pcrfonuetH in the Wodol 77(H) .Sequence IV- 
Inlor Applied UlusyKtvuiv), uildrh cunULin a Gciv- 
Ann* W:U Sysl«m POOO- U<:at:llon wudition^ wi rr- jwn< 
grutlliuetl ^ 1'itwwr Mneintt»U VI 00 (Apple CV.Vn^pidPr, 

Santa Clara, t^V) linked dintily to the Model V'/OO 
t)ucitev Ixdffctor* An»*y!* 1 * 0 * WJ perfrumi'd nn 

thv Mnf|nt<»sh computer. CnllMilou and an^lytk « if t ware 
wh» dovi'|o|wl xt i*K Applied W<Ky*uin»K. 

Transection of Cells with Factor VIII Construct 

Jinur T\7S flasks o{ 293 cells (AT<^: CM. J57:t), a human 
fetol kidney si^peiution cell line, were grown io fi0% con- 
llueney And tranifcetvd ptWM. Cells were srowu in the 
Mllnwhig mcdlat S0% HAM'X ¥\2 without GHT, Mm In* 
glucose nvUlK'<H.N>^ »m*dlflcd Kaxle medium (DMHM) wIUi« 
enn Rlynne wiUi sodium bicarrxinate, 10% letal Uwine 
sertmi, 2 him l-kIuUmiik, And 1% peniciUiii-Mrrptamy- 
vln. The medio was divnged 30 roln hcfo«. the Iransfcc 
Vion* pI'tfl'M WA ftmounta of 40, 4, OA, nnd 0.1 p-li were 
itUitcd io LA ml of a solution contalnlnR 0,125 m CUia^ 
and ? x MWIiS. The four mixtures were left at room tern- 
t.»cnnijn' Utt Mi mln and then wddvd dwipwlsc- t<» d\c cells, 
Thv n»*k* ^.*-;.r^uUled al 37°C:"and 5% CO. for 24 hr f 
wushed with PUS, »«id rc*uApcndcd In The reitu.M 
ja-iuK^I cclU were divided into »li»|woi» und DNA WA4 
tnieied luimedlutely u»uk IheQiAuMtp Hh m k! KM (Qiagen. 
CUitiK^rth, CA), l>NA wiis rJuled Into 200 P l ol 30 p.m 
. Trla-lia ut pli tt.O. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP- J and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (t) C57MG cells infected with a WnM 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressive promoter, and (if) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24.3. WISP- 1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by. 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3j3 (GSK-3/3) resulting in an increase in 
0-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). A PC is phosphorylated by GSK-3/3, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-0 super family, and the 
homeobox genes, engrailed \gooseco'id y twin (Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP- 1 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF T transforming growth factor; CTGF, connective 
tissue growth factor, SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 ptg of poly(A)^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 jig 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-l were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-l 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISPS were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 jiM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP- 1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-ampIified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2 <Act) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
cl-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W / /5/ J -specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-l and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/ Wnt-1 cells. 

Two of the cDNAs, WISP-l and WISP-2, were differentially 
expressed, being induced in the C57MG/ Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. I A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-l was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5 -fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-l mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-l were isolated and the 
sequence compared with mouse WISP-L The cDNA sequences 
of mouse and human WISP-l were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of «=40,000 (M T 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-Iinked glycosylation sites 
and are 84% identical (Fig. 2/1). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of *** 27,000 (M r 27 K) (Fig, 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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FiG. 1. WISP-l and WISP-2 are induced by Wnt-l, but not Wnt-4 t 
expression in C57MG cells. Northern analysis of WISP-l (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 jig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP- 1 -specific probe 
(amino acids 278-300) or a 190-bp WISP- 2- specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were re hybridized with 
human j3-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l (A) and mouse and human WlSP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-L 

Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-l protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISPS cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
* human WISP proteins shows that WISP-l and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-l and 32% identity with WISP-3 (Fig. 3L4). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-l, WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-l is the same as the recently identified 
Elml gene. Eltnl is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene now CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-/3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overex pressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor" (IGF)- 
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Fig. 3.. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-l and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (5) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PGR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-l has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and/?). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-I expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WlSP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP- 1 and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focaily within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP- 1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 £-//). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WISP- 1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and 0), and tumor cells are negative. 
Focal expression of WISP-1, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-1 was the stromal 
Fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novU family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
. assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP- 1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDrcell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one (P ~ 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer ceil 
lines. (A) Amplification in ceil line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 /ig) 
digested with EcoRl (WISP-1) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-1 probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of genes in human colon 

tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISPS ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., 0-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through 0-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin ovftj serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-I and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
. tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-01 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP- 1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WlSP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and j3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENKor AEQKwere dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T- ceil -proliferation assays were 
done essentially as described 2011 . Briefly, after antigen pulsing OOjAgml" 1 
TTCF) with tetrapeptides (l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96 -well microtitre plates. After 48 h, the cultures were pulsed 
with 1 (iCi of 3 H -thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u.g TTCF with 0.25 u.g 
pig kidney legumain in 500 u.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides HIDMEEDI, HIDN(N- glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography". Clycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin - 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mUml - ' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgml" 1 ct- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization. was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. I). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)\ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane -asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF S , Apo2L/TRAIL 6 * 7 , Apo3L/TWEAK" , \ or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
l.lztO.lnM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
~0.1 u.gml~ l . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (A1CD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results 13 , activation 
of interleukin -2 -stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes l,H ~ l \ Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
—30%, with half-maximal inhibition at ~1 p.gml~ l ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer ceil activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL 17 . 

Given the role of immune -cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a, Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal lOt 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the AHinked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poIy(A)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL. peripheral blood 
lymphocyte. 
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Figure 2 Interaction of DcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area), TNFR1-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference {P < 0.001 ) between the 
binding of DcR3-Fc to ceils transfected with FasL or pRK5. PE, phycoerythrin- 
labelled cells, b, 293 cells were transfected as in a and metabolicaity labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas. 
c. Purified soluble FasL (sFasL) was immunoprecipitated with TNFR1 -Fc, 0cR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand tane. d, Flag-tagged sFasL was 
incubated with OcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Rag. 
' Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR) ,B in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival To test this, 
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we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG 2 ' 9 . . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcR3. a, Human iurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasU 5 ng ml" 1 } oligomerized 
with anti-Flag antibody (0.1 p.gmr') in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGt and assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag.plus anti-Flag antibody 
as in a, in presence of 1 p,gmr' DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c, Peripheral blood T cells were stimulated with PHA and interleukin-2, 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl. Fas-Fc. or DcR3-Fc (10 (tg ml -1 ). 
After 16 h. apoptosis of CD4* cells was determined (mean ± s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with 5, Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 51 Cr (mean a s.d. for two donors, each in triplicate).- 
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Figure 4 Genomic amplification of DcR3 in tumours, a, Lung cancers, comprising 
eight adenocarcinomas (c, d, f. g. h, j, k. r), seven squamous-cell carcinomas (a, e, 
m, n, o, p, q), one non-small-cell carcinoma (b). one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means i s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Oata are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d, Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward, Rev and Fwd), the 
DcR3-linked marker Tl60. and other chromosome-20 markers, in the nine colon 
tumours showing OcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P <0.0l for a Student's f-test 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin- 1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL- related apoptosis - 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane -associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L' 9 . Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). ' : 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL* (2 u.g), together with pRK5 encoding CrmA 
(2u,g) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immu no precipitation. Human 293 cells were transfected as above, and 
metabolically labelled with [ 35 S]cysteine and ( 35 S]methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (10u,M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5 fig), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 u.g) (Alexis) was incubated 
with each Fc-fusion protein (1 u,g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 jxg) was 
incubated with buffer or with DcR3-Fc (40 u,g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 u,l aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homo trim ers. . 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgG 1 before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICD. CD3 + lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 fig mf 1 ) for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml" 1 ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later by FACS analysis of annexin-V-binding of CD4 + cells 24 . 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with sl Cr-loaded Jurkat cells at an effector- 
to-targct ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target -cell death was determined by release of 51 Cr in effector-target co- 
cultures relative to release of 51 Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR" 
using a TaqMan instrument { ABI ). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159), the nearest 
available marker which maps to —500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3 -specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5 ' -( FAM -ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 <ACT) , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £. coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated With antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains 1 . In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane -bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. co/i 1 * 1 " 8 is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity", and the formation of a HisP dimer upon chemical cross - 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an l L' with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded Jo- 
shed (p3 and p8— pl2) spans both arms of the L, with a domain of a 
a- plus p-type structure (pi, p2, p4-p7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 




Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
Trie thickness of arm II is about 25 A, comparable to that of membrane. a-Hetices 
are shown in orange and p-sheets in green, b. View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c, View of one monomer from 
the bottom of arm I. as shown in a. towards arm II, showing the ATP-binding 
pocket, a-c, The protein and the bound ATP are in 'ribbon* and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 29 . N. amino terminus; C. C 
terminus. 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAIN REACTION USING 
REAL-TIME DETECTION: APPLICATION TO THE DETECTION OF GENE 
AMPLIFICATION IN BREAST CANCER 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-cha in -reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1998. 
© 1998 Wiley-Liss. Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et al.. 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ (1 1 q 13), and erb&2 ( 1 7ql2-q21) (for review, seeBiecheand 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbB2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et al., 1992; 
Schuuring et al., 1992; Siamon et ai. 1987). Muss et al, (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Siamon et ai (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an . 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et aL, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nucleolytic activity of DN A polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et ai. 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why C, is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 nr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors {myc, ccndl and <?r6B2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study, if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 1 8 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C, (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4q 1 1 -q 1 3. in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et ai, 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 

copy number of target gene (app. myc, ccndl, erbBl) 

N = ' . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oiigo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DN Agency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, Micro Amp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et ai (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCl 2 , 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
1 00 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95 °C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for I min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample welts. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates Q and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbB2 pro to- oncogenes, 
and the (1 -amyloid precursor protein gene (app\ which maps to a 
chromosome region (2 lq2 1 .2) in which no genetic alterations have 
been found in breast rumors (Kallioniemi et al., 1994). The 
reference disomic gene was the albumin gene (alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10 2 copies or as 
many as 10 5 copies. 

Copy-number ratio of the 2 reference genes fapp and alb) 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 3 (A9), 10 4 (A7), 10 3 (A4) to I0 2 (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rji) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. Q (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app. 21q2l.2; alb. 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccnd 1 and erb52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0,84 ± 0,22) for mvc, 0,7 to 1,6 (mean 1.06 ± 0.23) for 
ccnd) and 0.6 to 1.3 (mean 0.91 ± 6. 19) for erbBl. Since N values 
for myc, ccnd J and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccnd 1 and zrhB2 gene dose in breast-tumor DNA 

myc, ccndl and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccnd J were 
more frequent (23%, 25/108) than extra copies of erbB2 (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (Tl 18). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbB2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-onco genes. 

Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 108 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erbBl GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 


2-4.9 


>5 


myc 

ccndl 

erbBl 


0 
0 

5 (4.6%) 


97 (89.8%) 
83 (76.9%) 
87 (80.6%) 


11 (10.2%) 
17(15.7%) 
8 (7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formal in-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et al., 1 994). First, the real-lime 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et al. 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formal in-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C x to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Q ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochenv 
istry can measure alterations on a cell-by-cell basis (Pauletti et al., 
1996; Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (/) Chromosome regions 4q 1 1 -q 1 3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai. 1994). (//) Wc found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns et ai. 1 992; Borg et ai, 1992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai ( 1 992) and Courjal et ai 
(1997). (iv) The maxima of ccndl and erbBl over- representation 
were 1 8-fold and 15-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 1 8 (El 2, C6, black squares), Tl 33 (G 1 1 , B4, red squares) 
andT145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experimenL Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Bems et al, 1992; Borg et al, 1992; Courjal et 
al, 1997). (v) The erbB2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et al, 1995; Deng et al, 1996; Valeron 



et al, 1996). Our results also correlate well with those recently 
published by Gelmini et al. (1997), who used the TaqMan system to 
measure erbB2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 DREAST TUMORS 1 



Tumor 




ccndl 






alb 




UccndUaW 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


TU8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Hccndllalb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbB2) observed by means of real-time 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al., 1992; 
Slamon e/ a/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbB2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbB2 is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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396, 699-703 (1998); 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycin D. J. Immunol. 162, 5616-5623 (1999). 

49. Gumey, A. Marsters, S., Huang, A., Pitti, R., Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi. A: Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GITR. Curr. 
Biol. 9, 215-218 (1999). 
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50. Ashkenazi. A .. Pai, R., Fong, s., Leung, S., Lawrence, £>., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, I., Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162 (1999). 

5 1 . Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K J. Determination of residues involved in ligand binding and signal 
transmissiion in the human IFN-a receptor 2. J. Immunol. 163, 766-773 (1999). 

52. Johnsen, A.-C, Haux, J., Steinkjer, B., Nonstad, U., Egeberg, K., Sundan, A., 
Ashkenazi, A. , and Espevik, T. Regulation of Apo2L/TRAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 1 1 , 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naumann, U., Kugler, S., Bahr, M., Dichgans, 
Ashkenazi. A., and Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483(1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5 . Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P./Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi, 
A,, de Vos, A.M., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2L/TRAIL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 
Ashkenazi- A., and Steeg, P.S. Radiation and the Apo2L/TRATL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin Dl. Cancer Res. 60, 261 1-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J ., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1, 37-41 (2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi. A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-512 (2000). 

6 1 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi, A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAEL versions. Nature Med. 7, 383-385 (2001). 

62. Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 
Koeppen. H.. Ashkenazi. A ., and Kim, K. J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166,4891-4898 (2001). 

63. Pollack, I.F., Erff, M., and AshkenazLA. Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, I.S. TACI-ligand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

65. Kischkel, F.C., Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Arnott, D., and Ashkenazi, A . Death receptor recruitment of 
endogenous caspase- 1 0 and apoptosis initiation in the absence of caspase-8. J. 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi, A Tumor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-28 1 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G, Sliwkowski, 
M., Ashkenazi, A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 
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68. Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi. A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

1 . Ashkenazi. A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi. A ., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol. Sci. Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, J., Allen, D., Eichberg, J ., Bym, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-FflV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A .. Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol, 10, 
217-225 (1993). 

5. Ashkenazi. A ., and Peralta, E. Muscarinic Receptors. In Handbook oj Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A. 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock. J. Biotechnology in Healthcare 1,197-206(1994). 

8. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow. S.. and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281, 1305-1308 (1998). 

12. Ashkenazi. A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell. Biol. 11, 255-260 (1999). 
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13. Ashkenazi. A . Chapters on Apo2L/TRAIL; DR4, DR5, DcRl , DcR2; and DcR3. 
Online Cytokine Handbook (www.apnet.com/cvtokinereference/ ). 

1 4. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

1 5 . LeBlanc, H. and Ashkenazi. A . Apoptosis signaling by Apo21/TRAIL. Cell Death 
and Differentiation 10, 66-75 (2003). 

16. Almasan, A. and Ashkenazi. A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A ., eds., John Wiley and 
Sons Inc.) (1999). 

Talks: 

1 . Resistance of primary HTV isolates to CD4 is independent of CD4-gp 1 20 binding 
affinity. UCSD Symposium, HTV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. JJBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, C A, December 1993. 

5 . Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

1 0. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

1 1 . Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3 : ahovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

1 4. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. hnmunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia; PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of Immunologists. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 

May 1998. 

2 1 . Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
. CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23 ; Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, W A, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRATL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

3 1 . Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32 . Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philladelphia, PA, Apr 2000. 

33 . Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAJL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2L/TRAJX system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L/TRAJL. The Protein Society, 14 th Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAJL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAEL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAJL. Kenote address, TNF family 
Minisymposium, NTH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001. 

41. Preclinical studies of Apo2L/TRATL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 

conference, North Falmouth, MA, Jun 200 1 . 

45. Targeting death receptors in cancer with Apo2L/TRAEL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001. 

46. Apo2L/TRAJL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 200 L 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

49. * Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003 . 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 



1 . Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994)'. 

2. Ashkenazi, A., Chamow, S. and Kogan, T, Carbohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4. Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,369 (Jan 29, 2002). 

9. Ashkenazi, A. Fong, S., Goddard, A., Gurney, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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Sir: 



I, Thomas D. Wu, M.D., Ph.D., do hereby declare and say as follows: 

I am a Senior Scientist in the Department of Bioinformatics at Genentqch, Inc., South San 
Francisco, California 94080. 

From 1999 to the present time, I have been the group leader for microarray informatics 
and analysis at Genentech. During this time, my responsibilities have included 
developing novel microarray algorithms for identifying genes with informative 
expression patterns and those with differential expression in subsets of tumors, for 
identifying targets useful in the therapy and diagnosis of cancer in humans. In addition, I 
have contributed to the discovery of several hundred cell surface markers specific for 
cancerous tumors in humans. 

My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 

I am aware that the claims of the above-identified patent application have been rejected 
under 35 U.S.C. § 101 as allegedly lacking patentable utility and/or under 35 U.S.C. 
§ 1 12, first paragraph, as allegedly failing to teach one skilled in the art how to use the 




claimed invention, due to the alleged failure to disclose a patentable utility therefor. I 
understand the Patent Office alleges that the gene amplification data do not support the 
conclusion that PR0274 shows a positive correlation with lung cancer because PR0274 
was only amplified in 3 out of 18 human lung tumor samples disclosed in the above- 
identified application. Furthermore, I understand the Patent Office alleges that, even if 
the data demonstrated such correlation, the utility of the PR0274 nucleic acid in 
detecting and/or diagnosing cancerous tumors does not carry over to the polypeptide and 
antibody claims. 

5. I am familiar with a variety of techniques known in the art for studying differential gene 
expression in human tumor cells relative to normal cells, at genomic DNA, mRNA and 
protein levels and for detecting overexpression of genes in cancer. 

6. - My group has been analyzing differential expression of various genes in tumor cells 

relative to normal cells using a well known technique of microarray analysis. One type 
of microarray technology used by me and my group is that developed by Affymetrix and 
that is widely used by, and well-known to, one of skill in the art. 

7. The microarray data from tissue samples from various human lung tumors were studied 
for the expression of mRNA of certain PRO polypeptides, including PR0274, relative to 
non-cancerous human lung tissue. 

8. I used data generated from microarray technology developed by Affymetrix to detect 
overexpression of UNQ241, also known as DNA3 9987-1 184, i.e., the gene encoding the 
PR0274 polypeptide, in various lung tumors. 

9. Two groups of experimental data were generated for each microarray experiment. In one 
group of data, tissue samples from healthy patients without cancerous lung tumors were 
obtained and analyzed for the PR0274 mRNA expression using microarray technology. 
In the second group of data, various types of cancerous human lung tumor tissues from 
lung cancer patients were obtained and analyzed for the PR0274 mRNA expression. 

10. At least three sets of microarray experimental data comparing the two groups of patients 
were generated. The patients in each experimental data set were different. In the first set 
of microarray experimental data, tissue samples were obtained from 19 healthy patients 
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and from at least 76 patients having following types of lung tumors: (1) squamous cell 
carcinoma, (2) adenocarcinoma, (3) carcinoma, large cell. In the second set of 
microarray data, tissue samples were obtained from 26 healthy patients, and at least 142 
patients with following types of lung tumors: (1) squamous cell carcinoma, (2) 
adenocarcinoma, (3) carcinoma, large cell, (4) carcinoma, small cell and (5) carcinoma, 
unspecified non-small cell. In the third set of microarray experimental data, tissue 
samples were obtained from 26 healthy patients and at least 142 patients with following 
types of lung tumors: (1) squamous cell carcinoma, (2) adenocarcinoma, (3) carcinoma, 
large cell, (4) carcinoma, small cell and (5) carcinoma, unspecified non-small cell. 

1 1 . A linear plot of the microarray data from the two groups of patients was generated for the 
three sets of experimental microarray data and their expression levels of mRNA were 
compared. For a lung cancer patient group, a plot illustrating the mRNA expression 
levels for each type of lung tumor was also generated for analysis. Therefore, I was able 
to determine the number of patients with a specific type of lung tumor with abnormal 
expression levels relative to the expression levels in the healthy patients. 

12. All three sets of data comparing the PR0274 mRNA expression levels of the two patient 
groups indicate that for each type of lung tumor mentioned above at least 10% or greater 
of the patients with that type of lung tumor have overexpressed levels of PR0274 mRNA 
in their tissue samples compared to normal lung tissue samples from patients without 
lung cancer. The greatest overexpression was seen in tissue samples from patients with 

- the following types of lung tumors: (1) squamous cell carcinoma, (2) adenocarcinoma, 
(3) carcinoma, unspecified non-small cell. 

13. It is my considered opinion that when, the mRNA of a gene is overexpressed in at least 
about 10% of the lung tumors of the same type, the gene is biologically significant as a 
lung tumor marker. It is well known in the art that a lung tumor marker that is uniformly 
expressed in each type of lung tumor is very rare. Therefore, a gene that is overexpressed 
in at least 10% of a type of lung tumor would have a positive correlation with lung 
tumors. 

14. It is my considered scientific opinion that identifying patients having a gene, such as 
PR0274 gene that is overexpressed in at least 10% of the lung cancer patients, would 
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provide significant information for diagnosis and treatment since it would enable more 
accurate tumor classification and hence better determination of a suitable therapy. 

15. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by- fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 




Date: My, ?y ^OQ^ 



SV 2074962 vl 
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Thomas D. Wu, M.D., Ph.D. 

Home: 41 Nevada Street, San Francisco, CA 94110, 415-642-9123 
Work: 1 DNA Way, South San Francisco, CA 94080, 650-225-5672 
Electronic mail: twu@gene.com 



education Stanford University Hospitals, Stanford, California 

Internship and residency, Internal Medicine [Clinical Investigator Pathway], 1992-1994 

Massachusetts Institute of Technology, Cambridge, Massachusetts 

Ph.D., Computer Science, 1985-1992 

George M. Sprowls Award for the most outstanding doctoral dissertation in the 
Department of Electrical Engineering & Computer Science 

Dissertation: A Decompositional Search Algorithm for Efficient Diagnosis of Mul- 
tiple Disorders (Committee: Ramesh Patil, Ph.D., Peter Szolovits, Ph.D., and 
Randall Davis, Ph.D.) 

Harvard Medical School, Boston, Massachusetts 

M.D. [Health Sciences and Technology curriculum], 1984-1992 

Honors evaluations in all core clinical clerkships 
Stanford University, Stanford, California 

M.S., Electrical Engineering [Area: Statistical Signal Processing], 1983-1984 

B.S. with Distinction and Honors, Electrical Engineering & Biological Sciences, 1980-1983 

Frederick Emmons Terman Engineering Award for highest academic ranking 

(awarded to 7 students in Electrical Engineering) 

Honors theses: A Mathematical Model of the Multicalyceal Kidney (Biological 
Sciences); The Diffusion of Home Computers (Values, Technology, 8c Society) 

experience Genentech, Inc., Department of Bioinformatics, South San Francisco, California 

Senior Scientist, 2001-present 

Scientist, 1999-2001 

Group leader for microarray informatics and analysis for the entire research 
department. Supervise 5 employees who are responsible for imaging hard- 
ware, image analysis, database entry and annotation, software development, 
and data mining. 

Designed a custom Affymetrix microarray containing all known and predicted 
transmembrane proteins, for use in identifying therapeutic targets. 

Developed novel microarray algorithms for identifying genes with informative 
expression patterns and those with differential expression in subsets of tumors. 
Developed analytical tools for performing associative mining in large gene ex- 
pression databases (bust). 
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Developed novel sequence analysis algorithms for identifying coding regions 
in cDNA sequences in the presence of sequence errors (ester) and for identi- 
fying transmembrane and signal peptides in protein sequences (tmdetect). 

Discovered several hundred cell surface markers specific for tumors. Discov- 
ered the majority of drug targets for the Tumor Antigen Project. Searched ex- 
haustively for tissue-specific genes in the human genome, and characterized 
their biological properties. 

Developed a genomic alignment program (snap) that is more accurate and 
faster than existing methods. Applied this program to map all available cDNA 
sequences to the human and mouse genomes. 

Implemented graphical, interactive programs for viewing alignments between 
genomic and transcribed DNA (seqview) and for viewing and analyzing gene 
expression data (maview). 

Stanford School of Medicine, Biochemistry Department (Adviser: Douglas Brutlag, Ph.D.) 
Howard Hughes Medical Institute Physician Postdoctoral Fellow, 1996-1999 
National Library of Medicine Postdoctoral Fellow, 1994-1996 

Developed methods for detecting protein motifs with optimal accuraciy, using 
> regular expressions (emotif) and scoring matrices (ematrix) 

Developed techniques for performing superposition of multiple protein struc- 
tures using regression techniques (mpose) 

Developed a combinatorial algorithm for identifying regulatory elements in ge- 
nomic sequences (prism) 

Developed a segment-based dynamic programming algorithm for predicting 
gene structure (segue) and explored statistical models for predicting alterna- 
tive splice sites 

FELLOWSHIPS AND HONORS 

Physician Postdoctoral Fellowship, Howard Hughes Medical Institute, 1996-1999 
One of 38 fellows selected among 283 applicants nationwide 

National Library of Medicine Postdoctoral Fellowship, Stanford University Section on 
Medical Informatics, 1994-1996 

Nominated for Chief Residency in Internal Medicine, Stanford Residency Training Pro- 
gram, 1993 

George M. Sprowls Award, Massachusetts Institute of Technology, 1993 

Most outstanding dissertation, Department of Electrical Engineering & Com- 
puter Science 

Nominee, Distinguished Dissertation Award, Association for Computing Machinery, 1993 
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Sigma Xi, Massachusetts Institute of Technology, 1991 
- Martin Epstein Award, American Medical Informatics Association, 1990 

First place, student paper competition, Symposium on Computer Applications 
in Medical Care 

Medical Scientist Training Program Fellowship, Harvard Medical School, 1985-1992 
Tau Beta Pi National Engineering Fellowship, 1983-1984 
Phi Beta Kappa, Stanford University, 1983 

Frederick Emmons Terman Engineering Award, Stanford University, 1983 

Tau Beta Pi Laureate Award, 1983 

One of three awards among all engineering undergraduates nationwide 

Dean's Award for Service, Stanford University, 1983 

One of two awards among all undergraduates for contributions to Stanford 
University and its students 

Distinguished Service Award, Stanford School of Engineering, 1983 

Tau Beta Pi, Stanford University, 1982 

CERTIFICATIONS 

Diplomate, American Board of Internal Medicine, 1995 (certificate 166^57) 

Examination scores in the 8th decile (core component) and 9th decile (non- 
core component) 

Physician's and Surgeon's License, Medical Board of California, 1993 (license G77862) 

TEACHING AND ADVISING EXPERIENCE 

Biology 7200, Advanced Bioinformatics, California State University, Hayward, 2003. Guest 
lecture on Bioinformatics at Genentech. 

Professional Development Series, Genentech Bioinformatics Department, 2000-present 
Organized a weekly series of seminars for sharing knowledge and techniques 
within the department. Taught courses in graphical user interfaces, statistics, 
microarray data analysis, and client/server application programming. 

Biochemistry 218, Computational Molecular Biology, Stanford University, 1996-1999. Five 
lectures on the topics of Profile Methods, Predicting Gene Structure, and Protein Motifs 

Biology 227, Mathematical and Computational Molecular Biology, Stanford University, 
1996. Lecture on Predicting Gene Structure. 

Mentor, Asian- American Interactive Mentoring Program, Stanford University, 1995-1996 
Adviser and Proctor, Board of Freshman Advisers, Harvard College, 1987-1992 
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Served as primary academic adviser and counselor in residence to 109 fresh- 
man over 5 years. Organized and led community and social activities in fresh- 
man dormitories. 

PROFESSIONAL AND ACADEMIC SERVICE 

Scientific Review Panel, National Cancer Institute, 2004 

Scientific Committee, Critical Assessment of Microarray Data Analysis, 2002-present 
Steering Committee, Bay Area Bioinformatics Discussion Group, 2000-2002 
Program Committee, International Conference on Intelligent Systems in Molecular Biol- 
ogy, 1998-1999 

Committee on the Writing Requirement, Massachusetts Institute of Technology, 1986- 
1988 

ADDITIONAL INFORMATION 

Extensive experience in software development, including expertise in programming lan- 
guages (C, C++, Perl, Lisp, Unix shell), multithreaded programming, socket interfaces, 
client/server programming, database programming (SQL, PL/SQL, Perl DBI, Oracle ProC, 
BerkeleyDB) , statistical programming (Splus, R, PDL) , graphical user interfaces (OpenGL, 
Tcl/Tk) , and Web-based programming. 

SOFTWARE LICENSES 

Wu, T. D., Hastie, T., and Schmidler, S. C. Superposition and modeling of multiple protein 
structures. Docket 99-027, Stanford Office of Technology and Licensing. 

Wu, T. D., Nevill-Manning, C. G., and Brutlag, D. L. Minimal-risk scoring matrices for 
characterizing protein families. Docket 98-130, Stanford Office of Technology and Licens- 
ing. 

Nevill-Manning, C. G., Wu, T. D„ and Brutlag, D. L. Emotif, identify, and scan. 
Docket 97-083, Stanford Office of Technology and Licensing. 

PEER-REVIEWED PUBLICATIONS 

Wu, T. D., Watanabe, C. K, and Sun, J.. SNAP: A spliced nucleotide alignment program. 
Bioinformatics, in review. 

Smith, V, Shen, E. E, Wieand, D., Landon, T. H„ Wong, N. A. C. S., Lessells, A. M., 
Paterson-Brown, S., Tang, J. Z., Wu, T. D., Hillan, K. J., and Penman, I. D. Expression 
analysis of the metaplasia-dysplasia-carcinoma sequence in Barrett's esophagus and ade- 
nocarcinoma. Submitted to Nature Medicine. 

Zhang, Y., Eberhard, D. A., Frantz, G. D., Dowd, P., Wu, T. D., Zhou, Y., Watanabe, C 
Luoh, S.-M., Polakis, R, Hillan, K. J., Wood, W. L, and Zhang, Z. GEPIS— quantitative 
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gene expression profiling in normal and cancer tissues. Bioinformatics 20, 2004, 2390- 
2398. 

Jubb, A. M., Pham, T. Q., Hanby, A. M., Frantz, G. D., Peale, R V., Wu, T. D., Koeppen, H. 
W., and Hillan, K. J. Expression of vascular endothelial growth factor, hypoxia-inducible 
factor-ia and carbonic anhydrase IX in human tumours. Journal of Clinical Pathology 57, 
2004, 504-512. 

Zhou, Y., Luoh, S-M., Zhang, Y., Watanabe, C, Wu, T. D., Ostland, M., Wood, W. I., 
and Zhang, Z. Genome-wide identification of chromosomal regions of increased tumor 
expression by transcriptome analysis. Cancer Research 63, 2003, 5781-5784. 

Wu, T. D., Schiffer, C. A., Gonzales, M. J., Taylor, J., Kantor, R., Chou, S., Israelski, D., 
Zolopa, A. R., Fessel, J., and Shafer, R. W. Mutation patterns and structural correlates 
in HIV-i protease following varying degrees of protease inhibitor treatment. Journal of 
Virology 77> 2003, 4836-4847. 

Gonzales, M. J., Wu, T. D., Taylor, J., Belitskaya, I., Kantor, R., Israelski, D., Chou, S., 
Zolopa, A. R., Fessel, W. J., and Shafer, R. W. Extended spectrum of HIV-i reverse tran- 
scriptase mutations in patients receiving multiple nucleoside analog inhibitors. AIDS 17, 
2003,791-799. 

Gerritsen, M. E., Soriano, R., Yang, S., Ingle, G., Zlot, C, Toy, K., Winer, J., Draksharapu, 
A., Peale, E, Wu, T. D„ and Williams, P. M. The use of in silico data filtering to iden- 
tify potential angiogenic targets from a large in vitro gene profile data set. Physiological 
Genomics 10, 2002, 13-20. 

Gerritsen, M. E., Peale, F. V., and Wu, T. Gene expression profiling in silico: Relative 
expression of candidate angiogenesis associated genes in renal cell carcinomas. Experi- 
mental Nephrology 10, 2002, 114-119. 

Wu, T. D. Large-scale analysis of gene expression profiles. Briefings in Bioinformatics 3, 
2002, 7-17. 

Wu, T. D. Analysing gene expression data from DNA microarrays to identify candidate 
genes. Journal of Pathology 195* 2001, 53-65. 

Wu. T. D., Nevill-Manning C. G., and Brutlag, D. L. Fast probabilistic analysis of sequence 
function using scoring matrices. Bioinformatics 16, 2000, 233-244. 

Wu, T. D., Nevill-Manning, C. G., and Brutlag, D. L. Minimal-risk scoring matrices for 
sequence analysis. Journal of Computational Biology 6, 1999* 219-235. 

Wu, T. D., Schmidler, S. C, Hastie, T„ and Brudag, D. L. Regression analysis of multiple 
protein structures. Journal of Computational Biology 5, 1998, 585-595- 

Chin, R. L., Sporer, K. A., Cullison, B., Dyer, J. E., and Wu, T. D. Clinical course of gamma- 
hydroxybutyrate ingestion. Annals of Emergency Medicine 31, 1998, 716-722. 
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Wu, T. D., Schmidler, S. C> Hastie> T., and Brutlag, D. L. Regression analysis of multiple 
protein structures. Proceedings, Second Annual International Conference on Computa- 
tional Molecular Biology, ACM Press, 1998, 276-284. 

Nevill-Manning, C. G., Wu, T. D., and Brutlag, D. L. Highly specific protein sequence 
motifs for genome analysis. Proceedings of the National Academy of Sciences 95, 1998, 
5865-5871- 

Wu, T. D., Schmidler, S.C., Hastie, T., and Brutlag, D. L. Superposition and modeling of 
multiple protein structures using affine transformations: Analysis of the glotjins. Proceed- 
ings, Pacific Symposium on Biocomputing, World Scientific Publishing, 1998, 509-520. 

Nevill-Manning, C. G., Sethi, K., Wu, T. D., and Brutlag, D. L. Enumerating and rank- 
ing discrete motifs. Proceedings, Fifth International Conference on Intelligent Systems in 
Molecular Biology, AAAI Press, 1997* 202-209. 

Wu, T. D., A segment-based dynamic programming algorithm for predicting gene struc- 
ture. Journal of Computational Biology 3> 1996, 375-394- 

Wu, T. D., and Brutlag, D. L. Discovering empirically conserved amino acid substitution 
groups in databases of protein families. Proceedings, Fourth International Conference on 
Intelligent Systems in Molecular Biology, AAAI Press, 1996, 230-240. 

Wu, T. D., and Brutlag, D. L. Identification of protein motifs using conserved amino acid 
properties and partitioning techniques. Proceedings, Third International Conference on 
Intelligent Systems in Molecular Biology, AAAI Press, i995> 402-410. 

Wu, T. D. A problem decomposition method for efficient diagnosis and interpretation of 
multiple disorders. Computer Methods and Programs in Biomedicine 35, i99i> 239-250. 

Wu, T. D. Probabilistic evaluation of candidate sets for multidisorder diagnosis. In P. P. 
Bonissone, M. Henrion, L. N. Kanal, and J. Lemmer, editors, Uncertainty in Artificial In- 
telligence, Elsevier Press, Amsterdam, 1991, 107-115* 

Wu, T. D. Domain structure and the complexity of diagnostic problem solving. Proceed- 
ings, Ninth National Conference on Artificial Intelligence, AAAI Press, 1991* 855-861. 

Wu, T. D. Probabilistic evaluation of candidate sets for multidisorder diagnosis. Proceed- 
ings, Sixth Conference on Uncertainty in Artificial Intelligence, 1990, 460-467. 

Wu, T. D. A problem decomposition method for efficient diagnosis and interpretation 
of multiple disorders. Proceedings, Fourteenth Symposium on Computer Applications in 
Medical Care, IEEE Press, 1990, 357-364- 

Wu, T. D. Efficient diagnosis of multiple disorders based on a symptom clustering ap- 
proach. Proceedings, Eighth National Conference on Artificial Intelligence, AAAI Press, 
1990,357-364- 

Wu, T. D. Symptom clustering and syndromic knowledge in diagnostic problem solving. 
Proceedings, Thirteenth Symposium on Computer Applications in Medical Care, IEEE 
Press, 1989> 45-49- 
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amino acid 299 to about amino acid 314, from about amino acid 348 to about amino acid 373, from about amino 
acid 406 to about amino acid 421 , from about amino acid 435 to about amino acid 456, and from about amino acid 
480 to about amino acid 497; an N-glycosylation site from about amino acid 500 to about amino acid 504; a cAMP- 
andcGMP-dependentprotemkmasephosphorylationsitefromaboutaininoacid321 to about amino acid 325; N- 

5 myristoylation sites from about amino acid 13 to about amino acid 19, from about amino acid 18 to about amino 
acid 24, from about amino acid 80 to about amino acid 86, from about amino acid 111 to about amino acid 117, 
from about amino acid 118 to about amino acid 124, from about amino acid 145 to about amino acid 151. from 
about amino acid 238 to about amino acid 244, from about amino acid 251 to about amino acid 257, from about 
amino acid 430 to about amino acid 436, from about amino acid 433 to about amino acid 439, from about amino 

10 acid 448 to about amino acid 454, from about amino acid 458 to about amino acid 464, from about amino acid 468 
to about amino acid 474, from about amino acid 475 to about amino acid 481, from about amino acid 496 to about 
amino acid 502, and from about amino acid 508 to about amino acid 514; andaprokaryotic membrane lipoprotein 
lipid attachment site from about amino acid 302 to about amino acid 313. Clone DNA97003-2649 has been 
deposited with the ATCC on May 11. 1999 and is assigned ATCC deposit no. PTA-43. 

15 An analysis of the Dayhoff database (version 35.45 SwissProt 35), using a WU-BLAST2 sequence 

alignment analysis of the full-length sequence shown in Figure 70 (SEQ ID NO:70), evidenced significant 
homology between the PRO4980 amino acid sequence and the following Dayhoff sequences: SC59_YEAST, 
S76857, CELF31F4_12. AC002464_1. NU5M_CHOCR, S59109, SAY10108.A AF055482_2, F69049. and 
G70433. 

20 EXAMPLE 26 

Gene Amplification 

This example shows that the PR0197-. PRO207-. PR0226-. PR0232-. PR0243-, PR0256-, PR0269-. 
PR0274^.reO3()4-,PRO339-,PRO1558-,PRO779-.PR01185-,PRO1245-.PR01759-.PRO5775-,PRO7133-. 

PR07168-, PR05725-. PRO202-, PRO206-, PR0264-. PR0313-. PR0342-, PR0542-, PR0773-, PR0861-, 

25 PRO1216SPRO1686-,PRO1800-,PRO3562-,PRC»85<K^^ 

amplified in the genome of certain human lung, colon and/or breast cancers and/or cell lines. Amplification is 
associated with overexpression of the gene product, indicating mat the polypeptides are useful targets for 
therapeutic intervention in certain cancers such as colon, lung, breast and other cancers. Therapeutic agents may 
take the form of antagonists of PR0197, PRO207, PR0226, PR0232, PR0243, PR0256, PR0269, PR0274. 

30 PRO304, PR0339. PR01558, PR0779, PROH85, PR01245, PR01759, PR05775, PR07133, PR07168. 
PR05725, PRO202. PRO206, PR0264, PR0313, PR0342, PR0542, PR0773. PR0861, PR01216, PR01686, 
PRO1800, PR03562, PRO9850, PR0539, PR04316 or PRO4980 polypeptides, for example, murine-human 
chimeric, humanized or human antibodies against a PR0197, PRO207. PR0226, PR0232, PR0243, PR0256. 
PRO269,PRO274,PRO304,PRO339,PRO1558,PRO779.PRO1185,PRO1245,PRO1759,PRO5775,PRO7133, 

35 PR07168, PR05725, PRO202, PRO206, PR0264, PR0313, PR0342, PR0542, PR0773, PR0861. PR01216, 
PR01686. PRO1800, PR03562, PRO9850, PR0539, PR04316 or PRO4980 polypeptide. 

The starting material for the screen was genomic DNA isolated from a variety of cancers. The DNA is 
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quantitated precisely, e.g. t fluorometricaUy. As a negative control, DNA was isolated from the cells often normal 
healthy individuals which was pooled and used as assay controls for the gene copy in healthy individuals (not 
shown). The 5* nuclease assay (for example, TaqMan™) and real-time quantitative PCR (for example, ABI Prizm 
7700 Sequence Detection System™ (Perkin Elmer, Applied Biosysterns Division, Foster City, CA)), were used 
5 to rind genes potentially amplified in certain cancers. The results were used to determine whether the DNA 
encoding PR0197, PRO207, PR0226, PR0232, PR0243, PR0256, PR0269, PR0274, PRO304, PR0339, 
PR01558, PR0779, PROH85, PR01245, PR01759, PR05775, PR07133, PR07168, PR05725, PRO202, 
PRO206, PR0264, PR0313, PR0342, PR0542, PR0773, PR0861, PR01216, PR01686, PRO1800, PR03562, 
PRO9850, PR0539, PR04316 or PRO4980 is over-represented in any of the priinary lung or colon cancers or 

10 cancer cell lines or breast cancer cell lines that were screened. The primary lung cancers were obtained from 
individuals with tumors of the type and stage as indicated in Table 6. An explanation of the abbreviations used for 
the designation of the primary tumors listed in Table 6 and the primary tumors and cell lines referred to throughout 
this example has been given hereinbefore. 

The results of the TaqMan™ are reported in delta (A) Ct units. One unit corresponds to 1 PCR cycle or 

15 approximately a 2-fold amplification relative to normal, two units corresponds to 4-fold, 3 units to 8-fold 
amplification and so on. Quantitation was obtained using primers and a TaqMan™ fluorescent probe derived from 
the PR0197-, PRO207-, PR0226-, PR0232-, PR0243-, PR0256-, PR0269-, PR0274-, PRO304-, PR0339-, 
PR01558-,PR0779,PR01185- f PR01245-,PR0175 

PRO206-,PRO264-,PRO313-,PRO342-,PRO542-,PRO773-, PR0861-, PR01216-, PR01686-. PRO1800-, 
20 PRO3562-,PRO9850-,PRO539-,PR<M316-orPRO4980^ 

PR0232, PR0243, PR0256, PR0269, PR0274, PRO304, PR0339, PR01558, PR0779, PROl 185, PR01245. 
PRO1759,PRO5775,PRO7133,PRO7168,PRO5725.PRO202,PRO206 t PRO264,PRO313,PRO342,PRO542, 

PRO773,PRO861,PRO1216,PRO1686,PRO1800,PRO356 

are most likely to contain unique nucleic acid sequences and which are least likely to have spliced out introns are 
25 preferred for the primer and probe derivation, e.g., 3'-untranslated regions. The sequences for the primers and 
probes (forward, reverse and probe) used for the PR0197, PRO207, PR0226, PR0232, PR0243, PR0256, 
PRO269,PRO274,PRO304 > PRO339,PRO1558,PRO779 f PRO1185,PRO1245,PRO1759,PRO5775,PRO7133, 
PR07168, PR05725, PRO202, PRO206, PR0264, PR0313, PR0342, PR0542, PR0773, PR0861, PR01216, 
PR01686, PRO1800, PR03562, PRO9850, PR0539, PR04316 or PRO4980 gene amplification analysis were 
30 as follows: 

PRQ197 (DNA22780-1078): 
22780.tmf: 

5'-GCCATCnt3GAAACTTGTGGAC-3' (SEQ ID NO:133) 
22780.tm.p: 

35 S'-AGAAGACXACGACTGGAGAAGCCCCC^ 1 (SEQmNO:134) 
22780.tmx 

5 , -AGCCCCCCTGCACTCAG-3 , (SEQ ID NO:135) 
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PRO207 (DNA3 0879-1152): 
30879.tmi: 

ttACCTGCCCCTCCCTCTAGA-y 



(SEQIDNO:136) 



30879.tm.p: 

5 5'<TKjCCTGGGCCTGTTCACGTGTr-3* (SEQIDNO:137) 
30879.tm.r 

S'-GGAATACTCTATITATGTGGGATGGA^ 1 (SEQID NO;138) - 

PR0226 (DNA3 346Q-116fl: 
33460.3utr-5: 

10 5«-GCAATAAAGGGAGAAAGAAAGTCCT-3' (SEQ ID NO:139) 
33460.3utr-probe.rc: 

5'-TCACCCGCCCACCTCAGCCA-3' (SEQID NO:140) 

33460.3utr-3b: 

5^CCTCAGGCTTCCTGCAGT-3' (SEQ ID N0:141) 

15 PRQ232 fDNA 34435-l 140): 
34435.3utr-5: 

5-GCCAGGCXn€A<^TrCGT-3' (SEQID NO:142) 

34435.3utr^>robe: 

5'<TCCCTGAATCGCAGCCTGAGCA-3' (SEQID NO: 143) 

20 34435.3utr-3: 

5'-AGGTGTTTATTAAGGGCCTACGCT"3' (SEQ ID NO:144) 

ppno^ ffWA^9l7-1207* 
35917.tmi: 

5'-CCAGTCCOTIGC^ (SEQ ID NO:145) 

25 35917.tm.p: 

5'-TCCCTCTACTXX:CACCCCCACTACCr-3' (SEQ ID NO: 146) 

35917.tian 

5-TGTGKjAGCTXjTGGTTCCCA -3' (SEQ ID N0.147) 

PRQ256 (DNA3588Q-1160): 

30 35880.3utr-5: 

S'-TXJTCCICCCGAGCrCCrcr-y (SEQIDNO:148) 

35880.3utr-probe: 



5^CCATCKTCTGCGCCCAGGG-3' 



(SEQIDN0:149) 
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358803utr-3: 

5'-GCACAAACTACACAGGGAAGTCC-3* (SEQ ID NO: 150) 



rorvMO fnMA38260-1180): 

38260.tm.f: 
5 S'-CAGAGCAGAGGGTGCCTTG-S 1 

38260.tm.p: 

5^TGGCGGAGTCCCCTCTTGGCT-3' 
38260.tmx: 

5^CTCTITCX:C^ATGCATCACT>3 , 



(SEQIDNO:151) 
(SEQE>NO:152) 
(SEQIDNO:153) 



(SEQIDNO:154) 



10 PKQ274 (DNA3 9987-1184): 
39987.tm.f: 

S'-GGACGGTCAGTCAGGATGACA^' 
39987.tm.p: 

5^TTCGGCATCATCTCTTrc (SEQ ID NO:155) 

15 39987.tnLn 

5'-ACAAAAAAAAGGGAACAAAATACGA-3* (SEQ ID NO:156) 



ppmnzt (T>NA3952Q-1217): 
39520.tmi: 

5 , -TC^CCCX^GACCCTITCC^A-3 , 

20 39520.tm.p: 

S^GCAGGGGACAAGCCATCTCrcCT-S' 

39520.tmx: 

5'-GGGACTGAACTGCCAGCTTC -3' 



(SEQ ID NO: 157) 
(SEQ ID NO: 158) 
(SEQIDNO:159) 



pprmo fnNA43466-1225): 
25 43466.tm.fl: 

s'^GGCccrAACCTCArrACCTrr^' 

43466.tm.pl: 

S'-TOTUIGCCTCAGCCCCAGGAAGG-S' 

43466.tmjl: 
30 5'-IUIGTCCACCATCTrGCCTTG -3' 

FRQ1558 (DNA 71 282-1668): 
71282.tm.fi: 

5-ACIX3CTCCGCCTACTACGA -3' 



(SEQIDNO:160) 
(SEQIDNO:161) 
(SEQIDNO:162) 



(SEQIDNO:163) 
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71282.tm.pl: 

5 -AGG^TCCTCGCCGTCCTCA -3' , (SEQ ID NO:164) 
71282.mxrl: 

5-AAGGCCAAGGTGAGTCCAT -3' (SEQ ID NO:165) 
5 71282.tm.f2: 

5'-CGAGTGTGTGCGAAACCTAA -3' (SEQIDNO:166) 
71282.tm.p2: 

5'-TCAGGGTCTACATCAGCCTCCTGC -3' (SEQ ID NO:167) 
71282.tm.r2: 

10 5-AAGGCCAAGGTGAGTCCAT -3' (SEQ ID NO:168) 

pRQ77Q nDNAS ««01-1052V: 
58801.tm.fl: 

S'-Can-ATCGCTCCAGCCAA -3' (SEQIDNO:169) 

15 58801.tm.pl: 

5'-CGAAGAAGCACGAACGAATGTCGAGA -3' (SEQIDNO:170) 

58801 .tm.rl: 

5'-CCGAGAAGTTGAGAAATGTCTTCA-3' (SEQ ID NO:171) 

PRQ1185 fDNA fi?Jt«1-1S15V. 

20 62881.tm.fl: 

5'-ACAGATCX3AGGAGAGACTCCACA -3' (SEQIDNO:172) 

62881.tm.pl: 

5'-AGCGGCGCTCCCAGCCTGAAT -3' (SEQ ID NO:173) 
62881.tmrl: 

25 5'-CATGATTGGTCCrcAGTTCCATC -3' (SEQ ID NO:174) 

PRQ1245 (DNA 64884-15271: 
64884.tm.fl: 

5'-ATAGAGGGCTCCCAGAAGTG-3' (SEQIDNO:175) 
64884.tm.pl: 

30 5'-CAGGGCCTTCAGGGCCrTCAC-3' (SEQIDNO:176) 
64884.tnul: 

5'-GCTCAGCCAAACACTGTCA-3' (SEQ ID NO:177) 
64884.tm.f2: 

S'-GGGGCCCTGACAGTGTT -3' (SEQ ID NO:178) 

35 64884.tm.p2: 

5'-CTGAGCCGAGACTGGAGCATCTACAC-3' (SEQIDNO:179) 
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64884.tmjr2: 

5^GTGGGCAGCGTCITGTC^ 

PPQ1759 fDNA 76531-T70n: 

76531.tmil: 
5 5'^CTACTGAGGAGCCCTATGC -3' 

76531.tm.pl: 

5^CTOAGCTGTAACCCCACTCCAGG -3' 
76531.tm.rl: 

S^AGAGTCTGTCCCAGCTATCTTGT -3' 

10 raOS77S (DNA QfiS69-2673^: 
96869.tm.fl: 

5'-GGGGAACCATTCCAACATC -3' 
96869.tm.pl: 

5-CCATTCAGCAGGGTGAACCACAG -3' 

15 96869.tm.rl: 

5^TCIXXXjTGACCATCAACrTG-3' 

PPH71^ (HNA1 28451-2739): 
128451.tm.fl: 

5-TTAGGGAATTTGGTGCTCAA -3* 
20 128451.tm.pl: 

svitcciutcocto 

128451.tm.rl: 

S'-TCXnGC^GTAGGTATITTCAGTlT -3' 

25 PRO 7I68 (DNA1 02846-2742V. 
102846.tm.fl: 

S'^AGCCGGTGGTCTCAAAC-S' 
102846.tm.pl: 

5 , ^CGGGGGTCX^ , AGTCCCCTTC-3 , 

30 102846.tmrl: 

S'-TITACTOCTXSCGCTCCAA-S 1 

PRQ5725 nDNA 92265-2669): 
92265.tm.fl: 

5'-CAG€TGCAGTGTGGGAAT -3' 



(SEQIDNO:180) 



(SEQIDNO:181) 
(SEQIDNO:182) 
(SEQIDNO:183) 



(SEQIDNO:184) 
(SEQIDNO:185) 
(SEQIDNO:186) 



(SEQIDNO:187) 
(SEQE)NO:188) 
(SEQIDNO:189) 



(SEQIDNO:190) 
(SEQIDNO:191) 
(SEQIDNO:192) 



(SEQIDNO:193) 
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92265.tm.pl: 

S'-CACTACAGCAAGAAGCTCGCCAGG -3' 
92265.tm.rl: 

5'-CGCACAGAGTGTGCAAGTTAT -3' 



(SEQDDNO:194) 
(SEQIDNO:195) 



5 PPmmrDNA30869): , 
30869.taxf: 

5*-CGGAAGGAGGCCAACCA-3' 
30869.trap: 

S'jCGACAGTXXICATCCCCACCnCA-y 

10 30869.trar: 

5^TIXnTKnXX^TCCCTCCGA-3' 



(SEQIDNO:196) 
(SEQIDNO:197) 
(SEQIDNO:198) 



PPnm fDNA34405V 
34405.tm.f: 

5'-GCATGGCCCCAACGGT -3* 



(SEQIDNO:199) 



15 34405.tm.p: 

S'-CACGACTCAGTATCCATGCICTTGACCTTO (SEQ ID NO:200) 



34405.tmx: 

5'-TGGCTGTAAATACGCGTGTTCT-3 , 



(SEQIDNO:201) 



fDNA36995* 

20 36995.3tro-5: 

5--CCTCTCAGATIGTGGATGAGAAGA-3' (SEQ ID NO:202) 

36995.3tm-probe: 

5^CACACCAGCCAGACTCCAGTTGACC-3' (SEQ ID NO:203) 
36995.3trn-3: 

25 S'^GGTGGTCCCXnXXnGA-S* (SEQ ID NO:204) 



(SEQIDNO:205) 



ppmn mNA43320V. 
43320.tm.f: 

5'^ATIGriX^GACGrKjGTCA-3' 
43320.tm.p: 

30 S'-CTCrGTTAACTCTAAGATroCT (SEQ ID NO:206) 

43320.tm.r: 

S-ATCGAGATAGCACTGAGTTCTGTCG -3* (SEQ ID NO:207) 
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Ppm^ (DNA3864»; 
38649.tmi: 

5 , -CTO3GCTCGCGAAACTACA.3 , 



(SEQIDNO:208) 



38649.tm.p: 

5 5^TCCCCGCACAGACTICTACTGCCTG-3' (SEQ ID NO:209) 



(SEQIDNO:210) 
(SEQIDNO:211) 



38649.tmx 

S'-GGAGCTACATATCATCCTrGGACA-S' 
38649.tm.f2: 

5'-GAGATAAACGACGGGAAGCTCTAC-3' 

10 38649.tm.p2: 

5^ACCKXJ^ACGICIXXTACAGCGACTGC-3 , (SEQ ID NO:212) 

* 38649.mxr2: 

5'-GCTGCGGCnTAGGATGAAGT-3' (SEQ ID NO:213) 



15 PPn^(DMA56S05V. 
56505.tmil: 

5*-CCTIGGCCTCC^TriCrGTC -3' 



(SEQIDNO:214) 



56505.tm.pl: 

5 LTXKnGCTX:AGGCCCATCCTATX3AGT -3' (SEQ ID NO:215) 

20 56505.tmjl: 

5'-GGGTCTAGTCCAGAACAGCTAGAGA-3' (SEQ ID NO:216) 



PRnTOfDNA483031: 
48303.tm.fl: 

5 , ^CC^T^CCCAGCT^C^TG-3 , 

25 48303.tm.pl: 

5 I -CIX^GACKX^GGCTCCCCAGA -3' 

48303.tnul: 

S-TCAAGGACTGAACCATGCTAGA -3' 



(SEQIDNO:217) 
(SEQIDNO:218) 
(SEQIDNO:219) 



30 PPHRfil fD ^A50798V. 
50798.tm.fl: 

5-A(XATGTACTACGTGCCAGCTCTA -3' (SEQ ID NO:220) 
50798.tm.pl: 

5 , -ATPCTGACTrCCTCrGATr^ -3' (SEQ ID NO:221) 

35 50798.tm.rl: 

5 , <jGCirGAACTCTCCTTATAGGAGTGT-3' (SEQ ID NO:222) 
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ppni7ififTOJA66489): 
66489.tm.fl: 

5'-CrAACroCCCAGCTCCAAGAA.«3' 
66489.tm.pl: 

5. 5'-TCACAGCACrCTCCAGGCACCTCAA -3' 

66489.tiarl: , , 

5LTCTGGGCCACAGATCCACTT-3' 



(SEQIDNO:223) 
(SEQ1DN0:224) 
(SEQIDNO:225) 



(SEQIDNO:226) ' 



pphi^ (DNA808961: 

80896.tm.fl: 
10 S^CTX^GCCCTAGACCCrGACIT -3* 

80896.tra.pl: 

S^GGCTCAGCroCTOTI^ (SEQ ID NO:227) 

80896-tiiLrl: 



S'-CGTGGACAGCAGGAGCCT^' 

15 PROiaOO fDNA ^fi72-2508V. 
35672.tm.fl: 

5 , -ACIXXK3GATrcCTGCTGT^-3 , 
35672.tm.rl: 

5'-GGCCIGTCC^GTGTTCTCA-3 , 

20 35672.tm.pl: 

5 1 -AGGa^T^ACCCAAGGCCACAAC-3 , 



(SEQIDNO:228) 



(SEQIDNO:229) 
(SEQIDNO:230) 
(SEQIDNO:231) 



96791.tro.fl: 
25 5'-GACCCACGCGCTACGAA -3' 

9679Ltm.pl: 

5LCGGTCTCOTCATOGACGTCAACAG -3' 
96791.tm.rl: 

5 ! -GGTCCACGGTTCTCCAGGT -3' 



(SEQIDNO:232) 
(SEQE>NO:233) 
(SEQIDNO:234) 



30 PPnQ« < iO (r>NA58725): 
58725.tm.fl: 



S-ATCATrGGTAGGAAATGAGGTAAAGTACT-S' 
58725.tm.pl: 

5LCCATCTTTCTCTG0K1ACATTC -3' 



(SEQroNO:235) 
(SEQIDNO:236) 
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58725.tatfl: 

5-TGATCTAGAACITAAACITTGGAAAACAAC-3 1 



(SEQIDNO:237) 



ppn^o (HMA47465-1561): 

47465.tm.fl: 
5 5'-^XXCACCAC^TACT^CCATGAA-3 , 

47465.tnu:l: 

SVATroiXXTCAGATTCGAGCAAGA-S 1 
47465.tm.pl: 

S'-CTGTGGTACCCAATTGCCGCCITGT-S 1 

10 ron^fimNA<M71 3-2561* 
94713.tm.fl: 

S'-GGTCACCTGTGGGACCTT-S' 
94713.tmjrl: 

5-TGCACCTGACAGACAAAGC-3' 

15 94713.tm.pl: 

5'-TCCCTCACrcCCX^^CCCTCCTAGT-3 , 

r P^oyn fnM^Q7Q03-2649): 
97003.tm.fl: 

5'-AAGCCTITGGGTCACACTCT-3' 

20 97003.tnurl: 

5-TGGTCCACTGTCTCGTTCA-3' 

97003.tm.pl: 



(SEQIDNO:238) 
(SEQIDNO:239) 
(SEQIDNO:240) 



(SEQIDNO:241) 
(SEQIDNO:242) 
(SEQIDNO:243) 



(SEQE)NO:244) 
(SEQIDNO:245) 
(SEQIDNO:246) 



25 ^5'nucleaseassay^^ 

activity of Taq DNA polymerase enzyme to monitor amplication in real time. IWo oligonucleotide primers are 
used to generate an amplicon typical of a PCR reaction. A third oligonucleotide, or probe, is designed to detect 
nucleodde^^ 

enzyme and is labeled with a reporter fluorescent dye and a quencher fluorescent dye. Any laser-induced em^on 

30 frcmthe reported 

ontheprobe. During the amplification reaction, u,e Taq DNA polymerase enzyme cleaves the probe m a 
template-dependent manner, The resultant probe fragments disassociate in solution, and signal torn the released 
reports 

foreachnewn.leculesynthesizei 
35 inteipretation of the data. 
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The 5' nuclease procedure is run on a real-time quantitative PCR device such as the ABI Prism 7700TM 
Sequence Detection. He system consists of a thermocycler, laser, charge^oupled device (CCD) camera and 
computer. ThesystemarnplMes 
fluoresantsignaliswUect^ 

system includes software for running the instrument and for analyzing the data. 

5- Nuclease assay data are initially expressed as a or the threshold cycle. This is defined as the cycle at 
which the reporter signal accumulates above the background level of fluorescence. The ACt values are used as 
quantitative measurement of the relative number of stardng wpies of a particular target sequence in a nucleic acid 
sample when comparing cancer DNA results to normal human DNA results. 

Table 6 describes the stage, T stage and N stage of various primary tumors which were used to screen the 
PR0197 PRO207. PR0226, PR0232. PR0243, PR0256, PR0269, PR0274. PRO304, PR0339, PR01558, 
PR0779 PROH85, PR01245. PRO 1759, PR05775. PR07133, PR07168, PR05725. PRO202. PRO206, 
PRO264!pRO313.PRO342.PRO542,PRO773.PR0861,PRO1216.PRO1686,PRO1800.PRO3562.PRO9850. 

PR0539, PR043 16 or PRO4980 compounds of the invention. 
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Table 6 

Primary Lung and Colon Tumor Profiles 



I1A 

iib 

IB 

mA 

IB 
IB 



Primary Tumor 

Human lung tumor AdenoCa (SRCC724) [LT1] 

5 Human lung tumor SqCCa (SRCC725) [LTla] 
Human lung tumor AdenoCa (SRCC726) [LT2] 
Human lung tumor AdenoCa (SRCC727) [LT3] 
Human lung tumor AdenoCa (SRCC728) [LT4] 
Human lung tumor SqCCa (SRCC729) [LT6] 

10 Human lung tumor Aden/SqCCa (SRCC730) [LT7] IA 
Human lung tumor AdenoCa (SRCC731) [LT9] IB 
Human lung tumor SqCCa (SRCC732) [LT10] IIB 
Human lung tumor SqCCa (SRCC733) [LT11] HA 
Human lung tumor AdenoCa (SRCC734) [LT12] IV 

15 Human lung tumor AdenoSqCCa (SRCC735)[LT13] IB 
Human lung tumor SqCCa (SRCC736) [LT15] TO 
Human lung tumor SqCCa (SRCC737) [LT16] 
Human lung tumor SqCCa (SRCC738) [LT17] 
Human lung tumor SqCCa (SRCC739) [LT18] 

20 Human lung tumor SqCCa (SRCC740) [LT19] 
Human lung tumor LCCa (SRCC741) [LT21] 
Human lung AdenoCa (SRCC811) [LT22] 
Human colon AdenoCa (SRCC742) [CT2] 
Human colon AdenoCa (SRCC743) [CT3] 

25 Human colon AdenoCa (SRCC 744) [CT8] 
Human colon AdenoCa (SRCC745) [CT10] 
Human colon AdenoCa (SRCC746) [CT12] 
Human colon AdenoCa (SRCC747) [CT14] 
Human colon AdenoCa (SRCC748) [CT15] 

30 Human colon AdenoCa (SRCC749) [CT16] 
Human colon AdenoCa (SRCC750) [CT17] 
Human colon AdenoCa (SRCC751) [CT1] 
Human colon AdenoCa (SRCC752) [CT4] 
Human colon AdenoCa (SRCC753) [CT5] 

35 Human colon AdenoCa (SRCC754) [CT6] 
Human colon AdenoCa (SRCC755) [CT7] 
Human colon AdenoCa (SRCC756) [CT9] 
Human colon AdenoCa (SRCC757) [CT11] 
Human colon AdenoCa (SRCC758) [CT18] 



IB 

IB 

DB 

IB 

IB 
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P T3 


pNO 


pT3 


pNO 
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pNO 


pT4 


pN2 


T3 


NO 


pT3 


pNO 



40 pNA Preparation: 

DNA was prepared from cultured cell lines, primary tumors, and normal human blood. The isolation was 
performed using purification kit, buffer set and protease and all from Qiagen, according to the manufacturer's 
instructions and the description below. 

Cell culture lysis: 

45 Cells were washed and trypsinized at a concentration of 7.5 x ltf per tip and pelleted by centrifuging at 

1000rpmfor5rmnutesat4^foto^^ ^ 
pellets were washed a third time, the suspended cells collected and washed 2x with PBS. The cells were then 
suspendedintolOmlPBS. Buffer CI was equilibrated at 4°C. Qiagen protease #19155 was diluted into 6.25 ml 
cold dd^O to a final concentration of 20 mg/ml and equilibrated at 4'C. 10 ml of G2 Buffer was prepared by 
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diluting Qiagen RNAse A stock (100 mg/ml) to a final concentration of 200 ng/uH. 

Buffer CI (10 ml, 4°C) and ddH20 (40 ml, 4°C) were then added to the 10 ml of cell suspension, mixed 
by inverting and incubated on ice for 10 minutes. The cell nuclei were pelleted by centrifuging in a Beckman 
swinging bucket rotor at 2500 rpm at 4°C for 15 minutes. The supernatant was discarded and the nuclei were 
5 suspended with a vortex into 2 ml Buffer CI (at4^)and6n 1 lQ^O,followedbyasecond4«Ccentrifugatio n at 
2500rpmfor 15 minutes. The nuclei were then resuspended into the residual buffer using 200 /A per tip. G2 buffer 
(10ml) was added to the suspended nuclei while gentle voftexing was apphed. Uponcompletionof buffer addition, 
vigorous vortexing was applied for 30 seconds. Qiagen protease (200 /d, prepared as indicated above) was added 
andincubatedat50°Cfor 60 minutes. Tneincubation and centrifagation were repeated unW me lysates were 
10 (&g.. incubating additional 3()-60 inmutes, peUeting at 3(W0 x g for 10 nrin., 4°Q. 
Solid human tumor sample preparation and lysis: 

Tumor samples were weighed andplaced into 50 ml conical tubes and held on ice. Processing was limited 
to no more than 250 mg tissue per preparation (1 tip/preparation). The protease solution was freshly prepared by 
diluting into 6.25 ml coldddH.O to a final concentration of 20 mg/ml and stored at 4°C G2 buffer (20 ml) was 

15 prepared by diluting DNAse A to a final concentration of 200 mg/ml (from 100 mg/ml stock). The tumor tissue 
was homogenated in 19 ml G2 buff er for 60 seconds using the large tip of the polytronma laiimiar-flowTChood 
in ordertoavoid inhalation of aerosols, andheldatroom temperature. Between samples, thepolytron was cleaned 
by spinning at 2 x 30 seconds each in 2L ddH^, followed by G2 buffer (50 nil). If tissue was stm present on the 
generator tip, the apparatus was disassembled and cleaned. 

20 Qiagen protease (prepared as indicated above, 1.0 ml) was added, followed by vortexing and incubation 

at 50°C for 3 hours. The incubation and centrifugation were repeated until the lysates were clear (e.g.. incubating 
additional 30-60 minutes, pelleting at 3000 x g for 10 min.. 4°C). 
Human blood preparation and lysis: 

Blood was drawn from healthy volunteers using standard infectious agent protocols and citrated into 10 
25 ml samples per tip. Qiagen protease was freshly prepared by dilution into 6.25 ml cold ddr^O to a final 
concentration of 20 mg/ml and stored at 4°C. G2 buffer was prepared by diluting RNAse A to a final concentration 
of 200 ug/id from 100 mg/ml stock. The blood (10 ml) was placed into a 50 ml conical tube and 10 ml CI buffer 
and 30 ml ddHjO (both previously equilibrated to 4°C) were added, and the components mixed by inverting and 
heldonicefor lOnrinutes. The nuclei were pelleted with a Beckman swinging bucket rotor at 2500 rpm, 4°C for 
30 15 minutes and the supernatant discarded. With a vortex, the nuclei were suspended into 2 ml CI buffer (4°Q and 
6 ml ddHjO (4°Q. Vortexing was repeated until the pellet was white. The nuclei were then suspended into the 
residual buffer using a 200 /d tip. G2 buffer (10 ml) was added to the suspended nuclei while gently vortexing, 
foUowedbyvig^usvortextagtoSO^ 

minutes. The incubation and centrifugation were repeated until the lysates were clear (*.«., incubating additional 
35 30-60 minutes, pelleting at 3000 x g for 10 min., 4°C). 
Purification of cleared lysates: 
(1) Isolation of genomic DNA : 

GenomicDNAwasequilibratedd sample per maxi tip preparation) with 10ml QBT buffer. QFelution 
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buffer was equilibrated at 50°C. Hie samples were vortexed for 30 seconds, (hen loaded onto equilibrated tips and 
drained by gravity. The tips were washed with 2 x 15 ml QC buffer. The DNA was eluted into 30 ml silanized, 
autoclaved 30 ml Cdrex tubes with 15 ml QF buffer (50«Q. Isopropanol (10.5 ml) was added to each sample, the 
tubes covered with parafin and mixed by repeated inversion until the DNA precipitated. Samples were pelleted by 
5 centrifugation in the SS-34 rotor at 15,000 rpm for 10 minutes at 4-C. The pellet location was marked, the 
supernatant discarded, and 10 ml 70% ethanol (4°C) was added. Samples were pelleted again by centrifugation on 
me SS-34 rotra at 10,000 mm to 10 rnmute 

The tubes were then placed on their side in a drying rack and dried 10 minutes at 37°C, taking care not to overdry 
the samples. 

10 Afterdr ying,mepeUetsweredissolvedmtol.0nilTE(pH83)andplac^ 

were held overnight at 4°C as dissolution continued. The DNA solution was then transferred to 1.5 ml tubes with 
a 26 gauge needle on a tuberculin syringe. The transfer was repeated 5x in order to shear the DNA. Samples were 

then placed at 50°C for 1-2 hours. 

( 2 ) Quantitation of genomic DNA and prepara tion for gene amplification assay: 

15 TheDNAlevekineKfcmbewaequantffiedbyst^^ 

(5 (A DNA + 95 & ddHjO) using the 0.1 ml quartz cuvettes in the Beckman DU640 spectrophotometer. A^Amo 

ratios were in the range of 1.8-1.9. Each DNA sample was then diluted further to approximately 200 ng/ml in TE 

(pH 8.5). If the original material was highly concentrated (about 700 ng^d), thematerial was placed at 50°C for 

several hours until resuspended 
20 Huorometric DNA quantitation was then performed on the diluted material (20-600 ng/ml) using the 

manufacturer's guidelines as modified below. This was accomplished by allowing a Hoeffer DyNA Quant 200 
fluorometerto warm-up for about 15 nnnutes. TheHoechstdyewor^^^ 

12 hours of use) was diluted into 100 ml 1 x TNE buffer. A 2 ml cuvette was filled with the fluorometer solution, 
placed into the machine, and the machine was zemed pGEM3a(+)(2Ml.l«#3W85102© wasaddedto2mlof 

25 fluorometer solution and calibrated at 200 units. An additional 2 iA of pGEM 3Zf( + ) DNA was then tested and the 
readmgconfirrnedat4004V-10units. Each sample was then read at least ^triplicate. When 3 samples were found 
to be within 10% of each other, their average was taken and this value was used as the quantification value. 

Thefluorometricly determined concentration was then used to dilute each sample to 10 ng/^l in ddHA 
This was donesimultaneouslyonall template samples for a single TaqMan™ plate assay, a^ 

30 to run 500-1000 assays. The samples were tested in triplicate with Taqman™ primers and probe both B-actin and 
GAPDH on a single plate with normal human DNA and no-template controls. The diluted samples were used 
provided that the CT value of normal human DNA subtracted from test DNA was +/- 1 Ct The diluted, lot- 
qualified genomic DNA was stored in 1.0 ml aliquots at -80»C. Aliquots which were subsequently to be used in 
the gene amplification assay were stored at 4°C. Each 1 ml aliquot is enough for 8-9 plates or 64 tests. 

35 Gene amplification assay: 

The PR0197, PRO207. PR0226, PR0232, PR0243, PR0256. PR0269, PR0274, PRO304, PR0339, 
PR01558, PR0779, PR01I85, PR01245, PR01759. PR05775. PR07133. PR07168. PR05725, PRO202. 
PRO206,PRO264,PRO313.PRO342,PRO542,PRO773,PRO861.PRO1216,PRO1686.PRO1800,PRO3562, 
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PRO9850, PR0539, PR04316 or PRO4980 compounds of the invention were screened in the Mowing primary 
tumors and the resulting ACt values are reported in Table 7A-7C. 



-152- 



WO 01/53486 



PCT7US00/03565 



■1 


1' 


1 


1 
1 


1 
f 


i 

1 


1 






1 


! 


1 


1 


! 


1 


1 


1 


i 


J 


1 

1 


I 

i 


| 


( 


! 


1 


i J 


PR0779 


1 


1 


! 


*-» 


i 

I 


1 

1 


1 
I 


| 


| 


I 


! 


1 


oo 
*n 
m 

1 


1 


1 


i 






I 


] 
1 


l 
i 


| 


| 


I 


1 


PR0339 


I 


\ 


1 


1 


1 

1 


1 
1 


1 


1 


1 
1 


| 
i 


| 


I J 


PRO304 


I 


\ 


I 


1 


1 


1 


i 


i 
1 


1 
1 


\ 
i 


| 


1 I 


PR0274 


1 


1 


1 


1 


1 

I 


1 


! 
1 


1 


1 
1 


| 
i 


1 


| 


PR0269 


1 


1 


1 


1 


i 


1 

1 


1 
1 


t 


1 
1 


1 
i 


| 


| 1 


PR0256 


1 


I 


I 


I 


i 


1 


1 
1 


t 


i 
* 


1 

- 1 


t 


1 j 




1 


1 


1 


t 


1 

1 


1 
1 


! 
1 


1 
1 


i 
i 


j 


1 


I j 


PR0232 


! 


I 


1 


1 

1 


1 
1 


1 

1 


1 
I 


1 

i 


1 


| 


i 


I 


PR0226 


1 


1 


I 


1 

1 


I 


1 

1 


1 


1 
i 


1 


| 


| 


1 


PRO207 


1 


i 


1 


1 


1 


1 


i 


i 


1 


i 


1 


1 


& 

I 


I 


I 


1 


1 


1 


1 


1 


! 




i 


1 


I 


Primary 
Tumor 


HF-000 
631' 


HF-000 
641 


HF-000 
643 


HF-000 
840 


D5 00 


HBLIOO 


MB435S 


T47D 


MB468 


MB175 


MB361 


BT20 



-153- 



WO 01/53486 



PCTAJS00/03565 



6 



oo 



tn co ^ 
« C| rs 



2 



B 



3; 



3 



-154- 



WO 01/53486 



PCT/US00/03565 



3 

1 


1' 


1 

i 


1 

i 


i 
1 


1 


1 


1 


1 




| 


o 


i 


I 


I 


V) 
00 

§ 


1 


1 


1 


1 


1 


1 
1 


i 
I 


1 
1 


1 
i 


1 
• 


1 


i 


| 


| 


PR0779 


1 


1 


I 


i 
I 


i 
i 


i 

I 


t 


1 
1 


i 


I 
i 


| 
i 


| 


| 


| 


PR01558 


! 


1 


1 


1 


i 


1 


i 
1 


i 
( 


1 
l 


I 


1 
I 


| 
i 






PR0339 


1 


I 


1 


1 


1 


1 


i 

I 


1 


i 


i 
1 


1 

i 


1 


1 


I 

I 


PRO304 


I 


1 


1 


1 


1 


1 


• 

i 


i 


f 


i 
i 


1 


1 


i # 


1 


PR0274 


1 


1 


1 


! 


i 


! 


i 


1 


i 
1 


( 


' i 
1 


1 


f 


| 


PR0269 


1 


i 


I 


1 


1 


1 


1 


i 


1 


1 


1 
1 


l 
l 


I 
i 


1 
1 


PR0256 


1 


I 


1 


1 


1 


1 


t 
I 


i 
1 


I 


t 
I 


1 


1 
i 


i 


J 


I 


1 


I 


i 


1 


1 


• 

1 


.i 
i 


1 


■ 
l 


l 


l 
1 


i 
i 


1 
• 




i 


1 


i 


1 


i 


i 
\ 


1 


t 


1 
i 


i 
i 


I 


1 
i 


} 


| 


1 


PR0226 


1 


i 


1 


1 


i 


i 


i 
i 


1 
i 


| 
i 


| 


i 


| 


| 


| 


PRO207 


1 


i 


1 


I 


I 


i 


1 


1 


1 


i 


i 


I 


1 


1 
1 


1 


1 


I 


1 


1 


1 


1 


1 


! 


i 


1 


i 


1 


I 


II 


HCC 
2998 


CM 


A549 


Calu-1 


S 


H157 


H441 


H460 


SKMESl 


SW900 


a 


1 H810 


8 * 

£ 8 

CO r-< 


SRCC 
1095 



S3 



1 

■3 

o 

1 

•s g 

'{ 

< a 

o § 
3 o 

H 1 

2 



-155- 



WO 01/53486 



PCT/USOO/03565 



PR01245 


1 


i 
1 


1 


1 

I 


1 
1 


1 
i 


| 


| 


1 


! 


I 


U1 
00 

1 


I 


1 


1 


1 

1 


i 


1 
1 


1 
i 


1 


| 


| 


I 


PR0779 


! 


1 


! 


t 

i 


1 


I 


1 
i 


] 


| 


| 


! 


FR01558 


1 • 


! 


1 


I 


i 
1 


i 


1 


| 
i 


| 


| 


| 


0\ 

m 
m 

1 


I 


1 


1 


i 


I 


i 
1 


1 


I 
I 


I 
• 


| 


1 


FRO304 


1 


I 


I 


i 


1 


i 


1 . 


1 
1 


l 
i 


| 


1 


PR0274 


I 


1 


! 




1 


i 
1 


i 
1 


i 
I 


l 
i 


| 


! 


1 


1 


1 


1 


1 


i 


■ 

I 


t 
i 


1 


i 
i 


I 


1 


PR0256 


1 


I 


1 


I 


1 


t 
1 


i 


i 
t 


l 
i 


I 


| 


PR0243 


1 


1 


1 


I 


i 


i 
1 


I 
1 


J 


1 
i 


| 


| 


PR0232 


1 


! 


I 


1 


i 


• 

i 


l 
I 


I 
i 


i 


I 


1 


vo 

§ 

e 


1 


1 


1 


i 
I 


i 
i 


i 
i 


1 


| 


i 


1 


i 


PRO207 


1 


I 


i 




I 


I 


i 


1 


i 


I 


I 


5 

£ 


1 


1 


I 


. 1 


I 


( 


1 


1 


i 


1 


I 


Primary 
Tumor 


SRCC 
1096 


SRCC 
1097 


B ss. 

CO — • 


SRCC 
1099 


SRCC 
1100 


SRCC 
1101 


HF-000 
545 


HF-000 
499 


r? Ox 

a 

E m 


HF-OOO 
575 


HF-000 
698 



-156- 



1 PCT/US00/03565 

WO 01/53486 



I 


! 


1 
1 




1 




| 




i 


i 


FROU85 


1 


1 

i 


1 


1 
1 




I 
i 


cn 


i 


i 


PR0779 


1 


1 


i 


i 
1 


1 


l 
i 


s - S H s 


1.06 
1.14 
1.72 


1.01 
1.03 
120 


PR01558 


1 


I 


! 


p 


i 


i 


1 

I 


1 


1 


PR0339 


1 


• 1 


I 


I 


i 


I 


1 


I 


1 


PRO304 


1 


1 


! 


1 


1 


i 

l 


1 


1 


1 


PR0274 


1 


1 


1 


1 


• 

1 


i 


1 
1 


' 1 . 


1 


PR0269 


1 


1 


1 


i 


1 


I 


I 


1 


1 


PR0256 


1 


1 


1 


* 
1 


i 


i 
i 


1 
1 


l' 


1 


PR0243 


1 


1 


1 


1 


• 
I 


i 
1 


1 
1 


1 


I 

1 


PR0232 


1 


1 


1 


I 


t 


i 
i 


I 


1 


1 


PR0226 


! 


I 


■ 

i 


i 
l 


i 
i 


1 
• 


v» 




1 


PRO207 


1 


1 


i 


i 


1 


1 


! 




1 


& 

I 


1 


-1 


i 


! 


1 


1 


1 


I 


1 


Primary 
Ttimor 


HF-000 
756 


HF-000 
762 


a oo 
PC r- 


O 
O 

rf 

X r- 


HF-000 
811 


HF-000 
i 755 


e 


e 


B 



-157- 



WO 01/53486 





-159- 



WO 01/53486 



PCT/US00/03565 



PR01245 


i 


1 


1 


1 

1 


1 
1 


i 
1 


1 

1 


] 


I 


1 


i 


S 

1 


i 


1 


1 


1 


1 

1 


.! 
1 


I 
1 


I 
i 


| 


| 


i 


PR0779 


i 


1 


1 


! 


1 


1 


1 
1 


i 


| 


| 


i 


PR01558 


I 


i 


! 


© 


! 


00 
00 


1 
I 


B 


1 


I 

i 


i 


PR0339 


i 


i 


1 


I 


I 


1 


i 


i 
1 






i 

* 


PRO304 


i 


i 


i 


I 


I 


i 


! 


1 


1 


1 
I 


i 

■ 


PR0274 


i 


i 


1 


i 


.1 


1 


1 


i 


i 
1 


1 




PR0269 


i 


i 


1 


i 


1 


1 


• 

1 


i 


1 
1 


s 


i 


£ 


i 


i 


1 


I 


1 


1 


1 


i 
1 


i 
I 






PR0243 


i 


i • 


1 


I 


1 


! 


1 


1 


1 






PR0232 


i 


i 


! 


i 


! 


1 


i 


I 


1 






PR0226 


i 


! 


1 


i 


I 


1 

1 


i 
i 


| 

i 


| 




i 


1 


i 


1 


1 


i 


1 


1 


1 


! 


1 


1 


i 


s; 

i 


i 


1. 


1 


I 


I 


I 


1 


I 


! 




i 


Primary 
Tumor 


2 «*» 

SB <o 


HF-00 
1291 


© 

.1 § 


1 i 


HMO 
1295 


I § 


HF-00 
1297 


HF-00 
1299 


HF-00 
1300 


B 


LT27 



-160- 



WO 01/53486 



PC T7US00/03565 



a 

s 


3 • 


1 


t 

1 


i 


1 
I 


( 
i 


1 

1 


i 


1 


i 


1 


i 


1 


\Ti 
00 
ft 

*- » 

2 


1 


1 


1 


o 


i 


i 


J 


j 


00 




1 


i 


1 


I 

E 


1.69 
2.79 
2.42 
1.44 


1 


! 


1.65 
1.19 
1.17 


t 
I 


ft 


S 3 8! § 

H M n h 




i 


| 


1 


$ 


$. s 

ft ' f) 


S 
85 


I 


1 


1 


! 


1 


* 

i 


1 
1 


i 


i 
i 


1 
1 


1 


i 


1 


o\ 


s 

ft 


1 


1 


t- 
»■* 


1 


8 

ft 


fi 




i 
i 


1 
I 


1 

1 


i 


1 


s 

en 

g 


§ 


! 


I 


i 


I 


1 


m 
ft 




i 
i 


1 


1 

I 


i 


1 ■ 




1 


1 


! 


i 


i— i 


1 


1 


i 


i 


J 
I 


1 

v 1 


i 


1 


I 


fl 


1 


I 


i 


1 




ft 
f* 


i 


1 
1 


I 
1 


< 


i . 


1 


1 


1 


1 


I 


i 


I 


1 


1 




1 
I 


I 
1 


I 


i 


! 


1 


in 
o 


1 


1 


© 


I 


I 




i 


1 


1 
1 






I 


CM 

1 


1 


1 


1 


1 


1 


1 


cs 


1 




| 






| 


E 


o o '» 

ft ft 


1 


1 






ft 


i 
/ 


1 
I 










2 


i 
p-* 




1 


I 


ft 
ft 


1 


I 


1 






1 




cs 

f< 


1 


s 
i 


ft 


1 


1 


O 
"1 
ft 


I 


ft 


1 










© 


1 


Primaiy 
Tumor 


co 

S3 


s 


8 


S 


B 


s 


5 


1 


1 


s 


5 


ft 

s 


ft 

a 



•1 



i: 



-161- 



WO 01/53486 



PCTAJSOO/03565 



§ 


i 


, i 


1 


1 


1 
1 


1 
l 


i 




i 


I 


1 


PROU85 


1 


i 


1 


i 


1 . 
1 


I 
1 


i 
i 


| 
i 


■ 


| 


| 


PR0779 


1 


1 


! 


1 


1 


• 1 


i 


I 
I 


i 
i 


• 


| 


PR01558 


1 


! 


i 


! 


i 


1 


i 
i 


1 
1 


i 
i 


] 


1 


PR0339 


1 


I 


l 


1 


1 


1 


• 
i 


i 
i 


i 
i 


1 


t 


PRO304 


1 


1 


I 


1 


I 


1 




i 


i 


1 


t 


PR0274 


1 


1 


l 


I 


1 


1 


i 


i 


i 


. l 
1 


i 
i 


PR0269 


I 


1 


I 


) 


I 


1 


i 


t 
I 


i 


t 


i 


PR0256 


1 


1 


l 


1 


1 


1 


1 


i 




I 


i 


PR0243 


( 


1 


l 


1 


1 


t 
I 


• 

i 


t 
I 


i 


I 
i 


I 
• 


§ 


I 


1 


I 


i 


j 


i 


i 
1 


i 
i 


j 
i 


| 


I 


PR0226 


1 


I 


I 


• 
1 


• 

i 


i 


I 


I 
i 


i 




|. 


1 


1 


I 


l 


1 


i 


1 


1 


i 


1 


i 


i 


O 
K 


i 


1 


I 


1 


i 


1 


) 


i 


I 


i 


1 


Primary 
Tumor 


LT29 


LT31 


HF-000 
854 


o 

S 00 


s 

s ^ 

X oo 


a ss 


HF-000 
832 


s 

2 ° 

s g 


HF-000 
551 


o 

B P 


o 
o 

2 « 
s ? 



1 

6 



-163- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



m LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




